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PREFACE TO THE FIRST EDITION 

# 

As the syllabuses in chemistry set for the various First 
School Certificate Examinations in this country are now very 
well standardized, and differ very little from that in the 
London Matriculation, it has seemed desirable to write a 
book specially to meet the requirements of candidates at 
these examinations. Writing to syllabus is sometimes to be 
deprecated, hut I^have had no hesitation in doing so in this 
instance, since there appears to be a general feeling among 
science teachers that it would be difficult to improve the 
' present syllabuses materially. With thi.s feeling I am in 
agreement, yet I have not confined myself strictly within the 
prescribed limits. , 

The arrangement of the book calls for a few words of 
explanation. By grouping all the theoretical work at the 
beginning I do not, of course, imply that it should be taught 
in bulk. Since, however, there are as many different courses 
in elementary chemistry as there are teachers, ifr'appeared 
to be most convenient to adopt a scheme which could easily 
be adapted to the methods of various schools. For the same 
V , reason, I have written the descriptive part in such a way 
that it can, I hope, be made to harmonize, without much 
difficulty, with the teacher’s own particular views as to how 
the subject should be presented. 

A certain amount of repetition will be observed in several 
places. This is deliberate : it is hopeless to expect a young 
student to ^asp an important fact or principle the first time 
he meets with it, and he would be an optimist who believed 
that boys conscientiously look up all the references to other 
; pages with which they meet. 

The first chapter, What is Chemistry ?, has been introduced 
in order to^supply boys and girls who are not “ going on with 
chemistry ” an answer to that frequent question. “ What is 
the good of it ? ” 
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PREFACE 


In preparing the MS. of this book for the press, I have had 
great assistance from Mr. F. P. Dunn, F.I.C., to whom I am 
glad to take this opportunity of expressing my gratitude. T1 ) 
preparation of the numerical calculations has been the labori¬ 
ous task of my friend and former pupil, Mr. B. E, Berrj, 
B.A., of Gonville and Caius College, Cambridge. The alacrity 
with which I accepted his offer to perform this labour is the 
measure of my thanks to him for having so ably accomplished 
it. I have pleasure also in thanking Messrs. G. Bell & Sons, 
Ltd., for having generously permitted me to quote several 
passages from my Practical Chemistry, which they publisheti 
in 1923. The Tables of Logarithms and Anti-Logarithm 
are reprinted from Professor J. Perry’s Practical Mathematic. 
by permission of the Controller of H.M. Stationery Office. 

E. J. HOLMYARD 

Clifton College, Bristol. 

PREFACE TO THE THIRD EDITION 

For the third edition of this book, the type has been entirely 
re-set, a fact that has enabled the text to be brought up 
to date throughout. Though little change in the gentr 
arrangement of the book has been found necessary, ma'"' - 
facturing processes have been described in accordance 
modern methods, and the general atmosphere of the book 
has been given those modifications which recent teaching 
practice appears to favour. Minor additions have been madfc 
in several places, and new sections have been added or 
magnesium, nickel, chromium, aluminium and mercury- 
metals which the elementary student may not require t 
study in detail, but which he is constantly encountering in 
the laboratory and in daily life. 

The author would once again thank the public most sincere? 
for the continued and gratif 3 dngly extensive support they ha\ 
given to the book, and hopes that, in its new edition, it ma 
continue to win approval. He is also very grateful for the 
appreciative letters received, over several years, from some 
hundreds of correspondents, and equally so for those which 
have contained suggestions and criticisms. 

E. J. HOLMYARD 

CuTTON College, Bristol. 
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ELEMENTARY CHEMISTRY 

CHAPTER I 

WHAT IS CHEMISTRY ? 

There is a proverb which says that the child is father of 
the man, meaning that a man is only a boy on a larger scale, 
and that he behaves in the same kind of way and likes the 
same kind of thing. There is a good deal of truth in the 
saying, for a man no doubt gets the same sort of satisfaction 
from sucking at his pipe as the infant gets from his bottle. 
The likeness is, however, even plainer in the curiosity and 
inquisitiveness which grown-ups and children both possess to 
an unlimited extent. We have all investigated the inside 
of a clock with a hammer and screw-driver, “ just to see how 
it works “ and what it is made of. If that model engine, 
given to us last Christmas by Aunt Matilda, now exists only 
in the model engines’ Paradise, its. scattered remains never¬ 
theless bear silent witness to the overwhelming curiosity of 
the youth of mankind. 

A man’s curiosity in mechanical toys seldom gets less as 
he grows up, for how many a father (I myself plead guilty 
for one) has bought his son a box of Meccano and then, locked 
in his study, played with it himself ? But as we grow older, 
our curiosity looks round for fresh sources of satisfaction. 
It is no longer content with cogs and cams or nuts and bolts. 
These are all very well in their way, but for most of us they 
do not go far enough. “ The world is a strange place,” said 
Lord Rayleigh, “ and perhaps the strangest thing of all is 
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that we are here to discuss it.” It is certainly full of the 
most wonderful things, which attract and hold our attention 
and make the words “ why ? ” and how ? ” and “ what ? ” 
spring unbidden to our lips. 

When you are playing football, you know that the best 
way to success lies in team-work supplemented by individual 
brilliance. The same is true when the game is not football, 
but the infinitely more exciting one of unravelling the secrets 
of Nature. The steady and persistent inquiries of thousands 
of lesser men make the way ready for the great genius who 
suddenly appears and with an irresistible rush scores a try— 
or, in other words, makes a discovery of the greatest import¬ 
ance. And just as a brilliant player often renders possible, 
by his strategy, more efficient progress by the rest of the team, 
so does the great discoverer point the way for future spade¬ 
work by the rank and file—spade-work, but nevertheless 
work which may be of enormous value to the human race. 

To solve some of the problems, then, which the world 
around sets us, we have to make use not only of our own 
curiosity and intelligence, but also of those of our fellow-men. 
This organized curiosity, with its special methods of asking 
questions of Nature, and its carefulness in recording her 
replies, is what we call science. Science is not a collection 
of occasionally interesting, but more often dull, facts ; it is 
a voyage of discovery with this remarkable characteristic— 
that the farther the voyagers go the more and ever more 
they perceive there is to be discovered. They never find 
that they have completed the circuit, like Magellan or Drake. 

Now, just as no one would dream of setting out on an 
exploration without getting himself into training, so the 
scientist is not content with his curiosity in its idle and casual 
form. He understands that his inquisitiveness must be 
trained to leave no clue unfollowed, “ no avenue unexplored,” 
no spoor untracked, and at the same time to confine itself 
strictly to the problem in hand. If you want to understand 
how the scientist works, you cannot do better than read a 
good detective story, such as the “ Dr. Thomdyke ” stories, by 
R. Austin Freeman, or the Sherlock Holmes stories themselves 


3 


WHAT IS CHEMISTRY ? 

if you have not already devoured them. The detective first of 
all observes the scene of the crime very closely and carefully, 
and looks for “ clues ” or signs from which he can get some 
idea of the criminal. The end of at cigarette, the dust in a 
bowler hat, a thread of cloth—any one of a thousand details 
which the untrained man would overlook—may put the 
detective on the track of his quarry at once. It is the same 
in science. Every detail must be carefully observed : nothing 
is too insignificant to be worth attention. When you pour 
dilute sulphuric acid upon zinc, imagine that you are the 
first person who has ever done it, and look, as though your 
life depended upon it. No one in the world, not even the 
greatest Professor of Chemistry, knows everything that hap¬ 
pens even in this simple experiment ; you may discover 
something that has hitherto been unnoticed. Many a great 
discovery has been made by a man who observed a little more 
closely than anyone had done before. 

The scientist has one gi-eat advantage over the detective. 
The latter may think he knows how the crime was committed, 
but he cannot have it done over again to see if he is right. 
The scientist, however, can make as many guesses about his 
problem as he likes, and he can make experiments to test 
them. If the first guess is not right he can begin all over again, 
and keep on trying until he finds one which is satisfactory. 
If you think you have missed something in your sulphuric 
acid and zinc experiment, you can take some more zinc and 
sulphuric acid and try again until you are satisfied. We shall 
learn a good deal more about the methods of science later on. 
Meanwhile we must find out why “ Science ” is split up into 
a number of branches which are called chemistry, physics, 
botany, zoology, and so on. 

In prehistoric times, every man was his own butcher, 
carpenter, stone-mason, tailor, soldier and shepherd. When 
men came at length to live together in groups, however, it 
was found to be better to let one man be responsible for the 
carpentering, another for the tailoring, and so on, and thus 
we may imagine the various trades and professions to have 
grown up. It is not every one who would make a good tailor, 
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and the good tailor maj' prove to be a failure as a stone¬ 
mason. In exactly the same kind of way there are people 
who are better at dealing with animals than with rocks and 
minerals, and others who prefer to spend their lives in Ending 
out all they can about plants. When there is a subject we 
are particularly interested in, we like to give it a high-sounding 
name. If, for example, we collect stamps, we say that our 
hobby is philately, while if we have a passion for rare and 
curious coins we call ourselves numismatologists—it sounds 
so much better than “ coin-collectors ” ! Well, those people 
who study animals call their occupation the science of zoology ; 
botany is the science of plants ; geology deals with the forma¬ 
tion of rocks and rivers, mountains and glaciers ; astronomers 
study the stars. Physics is chiefly concerned with the way 
in which things move, with the nature of light and electricity, 
with magnets and generators, while chemistry, the science 
with which we have to become acquainted, investigates the 
various substances of which the air, the sea, and the earth’s 
crust are composed, and tries to-find out what they are made 
of, how they may be changed into other substances, and what 
happens during the changes. 

In spite of this convenient separation into various branches, 
science is really an undivided whole. The botanist, for 
example, cannot study his plants properly unless he knows 
something of chemistry, for plants are made up of the same 
substances that the chemist investigates. The chemist, too, 
often finds that he and the physicist are tunnelling the same 
hill, but from opposite ends ; while they both combine to 
enable the astronomer to discover what the stars are com¬ 
posed of. In return, the astronomer sometimes finds a sub¬ 
stance in the sun or stars which the chemist has overlooked 
upon the earth. . In olden days, the knowledge of Nature which 
men had won was comparatively small, so that it was possible 
for one man tp be fuUy acquainted with all of it. But with 
the progress of time the bounds of knowledge were widened, 
and nowadays a man cannot hope to become expert in more 
than one, or at most two, of the various branches of science. 
Tliis, however, must not prevent him from trying to get a 
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satisfactory elementary knowledge of the rest, for unless he 
does so he will have a very one-sided view of the world. 
He would be Like a man in a room with several windows who 
refused to look out except through a particular one. If this 
one happened to overlook the sea, he might conclude he was 
living upon a rocky islet, when a glance through the others 
would show him that he was in reality upon the mainland. 

In other words, science is our effort to find out all we can 
about the world around us. We split science up into various 
branches simply in order to make progress more quickly and 
easily, but all scientists are working for the same objects, 
and use the same methods. When ho sees a buttercup in a 
field the chemist says, “ What is that green stuff in its leaves 
made of 1 ” The botanist says, “ What is the flower for ? ” 
The zoologist says, “ Why do these insects keep on visiting 
it ? ” The geologist says, “ What sort of soil are its roots 
growing in ? ” The phj'sicist says, “ Why doesn’t the wind 
blow it over ? ” These, or questions like tliese, are the kinds 
that the various scientists mentioned would put to themselves. 
We see that what strikes one man does not interest the others 
so much, but who is to say which is the most important ? 
We cannot understand all about the buttercup until we have 
asked and answered questions of all kinds, and what is true 
of the buttercup is true of the world at large. All the various 
groups of scientists are continually asking questions of Nature ; 
when she has answered them all we shall find that although 
we have travelled by many different paths we have arrived 
all together at the same terminus. 

Chemistry, then, is one particular way of asking questions 
of Nature. It attracts some men more than others, but it 
attracts almost all boys and girls because they are all interested 
in the questions it asks and the methods it uses to get an answer. 
The chief question in chemistry is “ What is it made of ? ” 
Now, that is practically the same thing which we want to 
know about the clock. The clock has certain peculiarities 
which interest us : it makes a noise and its hands move. 
We therefore cannot rest until we have found out what there 
is in the clock which makes it exhibit this peculiar behaviour. 
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What do we do ? Well, we take it to pieces and examine 
tlie parts. Do we know all about the clock now ? Perhaps 
we think we do, but we can easily find out whether our con* 
fidence is justified, by putting the parts together again. If 
we can do this, we are satisfied. Similarly, when the chemist 
meets with a substance which is new to him, he first of all 
splits it up or takes it to pieces, a process which he calls 
analysis. He is thus able to get some idea of its structure. 
He is not satisfied, however, until he can take the parts and 
put them together again so as to regain the original substance 
—a process which he calls synthesis. Like the boy with a 
clock, tlie chemist often finds that it is easy to break a sub¬ 
stance up into many parts, but much more difficult to build 
up those parts again into the original substance. Analysis 
is generally a simpler task than synthesis, but only when 
he has been able to synthesize a substance is the chemist 
certain that his knowledge of it is adequate. 

Some substances absolutely refuse to be split up. Thus, 
although we can easily split up, or analyse, water into two 
gases called hydrogen and oxygen, no one has ever been able 
to split up hydrogen or oxygen into other substances. Sub¬ 
stances which no one has so far been able to split up into 
other substances are called elements. About ninety-two 
elements are known, and all the other substances of which 
the world is composed arc made up of these elements. You 
will see a list of the elements on page 437. 

The Uses of Chemistry.—^You may perhaps ask of what 
use chemistry is to yourself and to the human race. Suppose 
we consider the second of the two first. Practically the 
whole of our modern civilization is built up upon the work 
of chemists. The great machines which do so much of the 
world’s work could never have been made if the chemist had 
not studied the properties of iron and steel and discovered 
how to extract iron from its ores. The use of coal-gas, now 
universal in civilized countries, depends for its success upon 
chemical processes. The dyes which make our surroundings 
full of colour are prepared by chemists from substances which 
are found in coal-tar. Even the “ silk ” stockings with 
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which our sisters and our cousins and our aunts deck them¬ 
selves are made by chemists from ordinary wood. The 
margarine which is used for food*is turned out from the labora¬ 
tory rather than from the dairy. The gas with which the 
dentist mercifully makes us unconscious of his tortures, the 
iodine with which we sterilize cuts, the aspirin we take to 
cure a headache, the vulcanite of our fountain-pens, the 
fireworks for November 5, the artificial manures to increase 
the wheat crop, the table-salt which does not get damp, the 
celluloid of which films are made—all these things and innum¬ 
erable others represent the work of the chemist. 

But it is not only in these wonderful applications that 
chemistry is of value. Perhaps its chief importance lies in 
the fact that it both stimulates and satisfies our intellectual 
curiosity. The average chemist does not set about his 
work in order to make some discovery which shall be of 
practical value : he toils unceasingly for no other purpose 
than to find out as much as he can about the substances that 
interest him. If he discovers something which can be turned 
to account in the practical affairs of daily life, he usually 
leaves the inventor or the man of business to make use of 
it: his own work lies in the actual discovery of new facts. 
According to the great Greek philosopher, Aristotle (384- 
322 B.C.), there is no nobler occupation than the pursuit of 
knowledge for its own sake ; if this is true, then there can 
be no nobler occupation than science. When you study 
chemistry, then, you do so not chiefly in order to know such 
things as how to prepare copper sulphate, but rather to gain 
some idea of how man seeks to understand and to control the 
world of Nature and to turn it to his own advantage. The 
spirit of chemistry is everything; the bare facts, although 
they may be interesting in themselves, are of far less import¬ 
ance. Chemistry is a fascinating branch of human activity, 
and from it we can gather as much information concerning 
man himself as about the various substances and changes it 
investigates. 

Thus, even if you do not propose to become a chemist 
or a doctor or an engineer after you leave school, chemistry 
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will help to equip your mind for your adult life, and will give 
you an outlook on the world which it is essential for you to 
have and which you can scarcely gain in any other way. 
That is why we who teach chemistry in schools think that 
all hoys and girls must know something of the aims and 
methods of chemistry. We do not think that it will make 
any difference to you to know that the equivalent of mag¬ 
nesium is 12*16> but wc do think that you cannot live your 
mental life fully if you are completely ignorant of the beauty 
which-chemistry unfolds, and of that side of truth to the 
search for which generation after generation of chemists have 
devoted their lives. 


Questions 

1. ^^^at have chemists done to make our daily life (a) safer and 
(6) more comfortable ? 

2. Go through last week's daily papore, and w*rite short notes on 
those items of nows for a correct understanding of which it is necessary 
to have some knowledge of chemistry. 

3. Of what use do you think a kriowledge of chemistry would be 
to (a) a doctor, (6) an engine-driver, (c) a clergyman, (d) a poet, (e) ^ 
a musician, (/) a plumber, (g) a lawyer, (h) a stockbroker, (A:) a teacher 
of Latin and Greek ? 

4. What^do you regard as the chief aims of chemistry 7 

5. Explain the w'ords analgsis and synthesis. 

6. Is chemistry worth studying simply because of the material 
beneBts it brings 7 


CHAPTER II 

HOW CHEMISTRY AROSE 

When, with “ delighted eyes,” we “ turn to yonder oak,** 
we do not always stop to think that it was once an insignifi¬ 
cant a.corn, struggling for its life in darkness and amidst 
noxious weeds. And a man from a foreign clime might well 
find it difficult to believe that the apparently lifeless oak 
of the winter months will in a short time bear a mass of green 
foliage. In the same way, a boy who begins to study chem¬ 
istry may not realize that the'science started in a very humble 
way and has reached its present proud position only after 
centuries of struggle : sometimes it was nearly smothered, 
at others it appeared to be dead, and occasionally it tasted a 
brief spell of prosperity only to relapse into a state of grave 
iU-health. 

It will be interesting, therefore, to glance briefly at some, 
of the adventures which chemistry has undergone from its 
earliest days. It will also be useful, for we cannot really 
understand what chemistry is, nor what it is likely to become, 
unless we know what it has been in the past. If we were 
presented with a chick, and did not know anything about 
and hens, we should find-4t impossible to gain any ade¬ 
quate idea of what the chick really was, and should certainly 
not be able to predict anything about its future. Chemistry 
has had a very eventful history, which for thrills, mystery 
and excitement beats many a romance of fiction. We cannot 
here deal with it fully, but we can glance quickly at some of 
the chief events and gain as light acquaintance with some 
of the most celebrated men. 
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To discover the origin of chemistry takes us back some 5,000 
or 6.000 years to the early da 3 ’s of ancient Egypt. In this 
land, blessed with a wonderful climate and irrigated every 
year by the Nile flood, civilization is generally believed to have 
originated. One of the most important causes of the great 
advance made by man in these remote times was the discovery 
ol copper, which led to the manufacture of copper chisels 
and other tools. With these instruments at his disposal, 
man was able to progress in rapid strides. The wonderful 
pyramids and other buildings that the Egyptians erected 



Fio. 1.—Map to show extent of Empire of Islam in the Eighth 

Century a.D. 

remain to this day to bear witness to the skill and prowess 
of the dwellers by the Nile. 

Copper was by no means the only metal which the Egyp¬ 
tians knew. They prized gold as much as we do, and they 
knew also silver, lead, and tin. The last they obtained from 
mines in Persia, and by mining it with copper they were 
able to make the alloy bronze, which is much harder than 
copper, and therefore more suitable for cutting-tools. They 
also knew iron, for pieces of iron have been found in the 
masonry of the Great Pyramid. 

Besides the metals, the Egyptians used various minerals 
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such as malachite (a copper ore), turquoise, quartz, mica, 
etc. They knew how to make glass and soap, and they used 
salt as well as resins and oils in the embalming or mummi¬ 
fication of human bodies. Many substances were employed 
as medicines and as poison^, while in the manufacture of 
pigments and dyes the ancient craftsmen attained to a remark¬ 
able degree of proficiency. 

Most of this knowledge appears to have been kept as secret 
as possible by the priests, who worked in laboratories attached 
to their temples. 

When the Greeks and Romans visited Egypt, they were 
impressed by the skill which the Egyptians showed in work¬ 
ing metals and in similar operations, and called these various 
arts the “ Art of Egypt.” Now the Egyptian word for 
“ Egypt ” is Kemi, which is written 



and means ‘‘ The Black Land ”—no doubt in reference to 
the black colour of the mud left behind when the waters of 
the Nile receded after the yearly flood. The “ Art of Egypt ” 
therefore became “ The Art of Kemi,” and from Kemi we . 
get our present word ” chemistry^' through the intermediate 
Arabic word kimia. 

For chemistry to advance, it is not sufficient merely to 
carry out practical'operations. It is necessary also to think 
about these operations, and this is what the Eg 3 ^tians seem 
never to have done. However, on the other side of the 
Mediterranean, the ancient Greeks were so busy thinking 
that they had no time to conduct experiments. On the 
basis of a few observations they set out to explain the whole 
world—nay, the whole universe—and they evolved many 
wonderful schemes, some of which have proved very useful 
to scientists of a later time. Still, if it is impossible for 
chemistry to advance by practical operations alone, it is 
equally impossible for it to make any real progress by theories 
or imagination alone, so that for centuries after the ancient 
Empires of Eg 5 ^t and Greece had ceased to exist, chemistry 
remained in a very backward state. The philosophers went 
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on philosophizing, and the craftsmen went on with their 
labours in the workshops, but there was no connection 

between the two. 



Fortunately, in the seventh cen¬ 
tury of our era, an event occurred 
that caused the theoretical and 
the practical sides to be brought 
together, and thus the science of 
chemistry was set upon a firm foot¬ 
ing. This event was the rise of 
^luhammadanism, or, to give it its 
proper name, Islam. Arabia has 
been inhabited from time imme¬ 
morial by wandering tribes of 
Bedouin, and up to the beginning 
of the seventh century they had all 
been idolaters and were continually 
fighting with one another. The 
Prophet Muhammad, however, 
preached the One God to them, and 
converted them from their idola¬ 
trous practices. • In their enthusi¬ 
asm for this new religion they forgot 
' their feuds with one another, and 
became welded into a strong and 
united nation. After the Prophet’s 
death, they set out on a war of con¬ 
quest, and very soon the banners 
of Islam were floating over all the 
countries surrounding the Mediter¬ 
ranean, from the Atlantic Ocean to 
the River Indus. 

When the Muslim conquerors had 
settled down, they started to en¬ 


courage learning as much as they 
possibly coiild. Trains of camels were sent to Constantinople 
and other towns to bring back to Baghdad all the books and 
manuscripts that could be procured, and the Caliphs founded 
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colleges and observatories, libraries and hospitals all over the 
Empire. In this zeal for learning, chemistry was not for- 
gotten, but the Muslims were in the happy position of being 
able to use both the Greek wisdom and the practical arts 
of ancient Egypt, for they soon established themselves in 
the latter country. 

Under the Caliph of the Arabian Nights, Hartjn al-Rashid ^ 
(786-809), there lived the first truly great chemist. He 
was born in Persia, and his name was Jaber ebn Hayyan ; 
in Europe, however, he is generally known as Geber. 
He wrote many books on chemistry, which show that 
he was an accomplished chemist, both in practice and in 
theory. 

It was in Spain that the Muslims came into closest contact 
with Western Europe. During the time that they were in 
possession of the country (7U-1492), their universities were 
the best in the world, and European students used to flock 
to Cordova and Toledo and other towns to learn from the 
Muslim professors. When they had learnt what they could 
they were naturally anxious to pass on their knowledge to 
their fellow-countrymen, and so they began translating 
books of all kinds from Arabic into Latin. One of these 
translators, an Englishman, Robert of Chester, performed 
a double service : he not only translated the chief Arabic 
work on algebra, and thus introduced this branch of 
mathematics to Europe, but he also translated a book on 
chemistry. This was the first book on chemistry to appear 
in a European tongue, and the translation of it was finished 
on February 11, 1144. More translations foDowed, and 
soon European scholars were able to make progress by them¬ 
selves. 

For some centuries, however, comparatively little was 
done, since chemists were practically all engaged in a fruitless 
search for some substance—the elixir —which should enable 
them to convert metals like lead and copper into gold and 
silver. From this idle dream they were roughly awakened 
by the Swiss chemist, Paracelsus (1493-1541), who publicly 

» Accent on the last syllable of " Rashid.” 
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burnt the books of his predecessors and made a fresh start. 
He was a bombastic fellow, but he stirred chemistry up, 
which was just what it needed at the time. According to 
Paracelsus, the chief aim of chemistry was to be the prepara¬ 
tion and investigation of drugs for use in medicine, and from 
his time to the end of the seventeenth century, chemistry 
did in fact mainly concern itself with medical problems of 
this kind. 

The Honourable Robert Boyle (1627-91), however, 
broke free from these fetters, and he and other chemists 
scarcely less brilliant succeeded in raising chemistry to its 
proper rank. During the eighteenth century, chemists 
rapidly increased their skill, and with improving means of 
communication they were able to keep themselves informed 
on what their brethren in other parts of the world were doing. 
This interchange of ideas and information was probably 
one of the chief causes of the great progress which chemistry 
made during this period. The principal chemists of the 
time were Black (1728-99), Priestley (1733-1804), 
Cavendish (1731-1810), Scheele (1742-86), Lavoisier 
(1743-94), and Dalton (1766-1844). 

Lavoisier and Dalton deserve special mention, for the 
former was the first to put forward the modern explanation 
of what happens when things burn {viz. that they combine 
with the oxygen of the air), while Dalton founded the Atomic 
Theory, about which you will read in Chapter VII. On the 
Atomic Theory of Dalton rests all the marvellous chemistry 
of the nineteenth century. 

From Dalton’s time to our owm is little more than 100 years, 
yet that century has witnessed a greater advance than did the 
preceding 2,000 years. ^Ve need not describe that advance 
here, for in its main ideas the chemistry since Dalton’s time 
has not changed very much, and you will get a bird’s-eye 
view of it from your present course. At the end of the book 
(p. 449) there are some details about the lives of a few famous ^ 
chemists, and a list of books from which you can get further 
information if you would like to have it. 
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Questions 

1. Why must we know something about the history of chemistry 
when we are studying this science 7 

2. How did chemistry arise 7 

' 3. Mention some of the chemical facts and processes known to the 

Ancient Egyptians. 

4. Look up in an encyclopaedia or other books of reference the way 
in which bodies ware mummified. Then write a list of the chief ^sub¬ 
stances required^ and find out whence the Eg 3 ^tians could have got 
them. ' 

5. Find out all you can about the atomic theories of Democritus^ 
Empedocles, Lucretius, and other ancient philosophers. 

6. Explain how it was that the Muslims were able to establish 
chemistry on a sound basis. 

7. Who was the chief Muslim chemist 7 ^\Tiea did he live T 

8. What is the origin of the word chemistry 7 

9. What do you know of Robert of Chester 7 

10. Who was Paracelsus 7 What service did he render to chem¬ 
istry 7 

* IL What was the Elixir 7 

12. Mention some of the chief chemists of the eighteenth century* 

13. Who founded the Atomic Theory 7 

14. From reference books, make a list of the scientific discoveries 
that we owe to the Hon. Robert Boylo. 



CHAPTER III 


THE CHEMIST S TOOLS AND WHAT HE DOES 

WITH THEM 

The carpenter, the surgeon, the dentist, and the photo- 
grapher all have special tools with which to carry on their 
work. A dentist could, no doubt, use an ordinary pair of 
pincers, and the surgeon could borrow a saw from his neigh¬ 
bour the carpenter, but they would not find them as easy to 
work with as those which are specially designed for dentistry] 1 
or surgery. The same thing is true of the vessels and instru- * 
ments which are used in chemistry. These pieces of chemical 
apparatus are made so as to enable the chemist to carry out 
his experiments with greater ease and efficiency, and as they 
are designed for this particular purpose, they have advantages • 
which ordinary pots and pans, bottles and pipes, burners 
and funnels do not possess. You could, of course, carry 
out many experiments in jam-jars or empty salmon-tins, 
and one of the greatest of all chemists, Johx Dalton, was 
80 poor that he had to use ink-bottles instead of flasks and"' 
the stems of churchwarden pipes instead of glass tubing. 

As long as you realize that fact, and do not imagine that 
chemistry cannot be carried on without elaborate erections 
of coiled tubes and stoppered tap-funnels, there is no reason 
why you should deny yourself the benefit of the convenient 
apparatus which has been designed. There is no merit in 
using a tumbler if a beaker is more suitable. 

At the same time, it is a very good rule not to use a com- 
plicated piece of apparatus when a simple one will do ; the 
famous German chemist, Baeyer, who made many notable 
advances m chemistry, found that the humble test-tube was 

20 


21 


, ON CHEMICAL APPARATUS 

practically all he required even in the wonderful researches 
that made him celebrated all over the world. A keen eye 
and a nimble finger are worth more to a chemist than all 
the apparatus in the catalogue. 

When you see a picture of a chemist in an advertisement 
in the newspapera or 
magazines, you will in¬ 
variably find the piece of 
apparatus which is shown 
in Fig. 3. This vessel, 
which appeals so much 
to the public imagina¬ 
tion, is the retort. It 
deserves to be mentioned 
first, as it is one of the oldest of the chemist’s tools, 
although it is not quite the same in shape now as it was 
m early days. Then it consisted of two parts, a lower one 
which was called the gourd or pumpkin from its shape, and an 
upper one called the alembic. The two parts were joined 
together by a ring of clay, so that when it was set up ready 

for use an ancient retort 
had the appearance 
shown in Fig. 4. A retort 
is used for heating a sub¬ 
stance, or mixture of 
substances, which gives 
off vapours that can easily 
be condensed. The va¬ 
pours are cooled in the 
top part of the retort and the liquid so formed runs down the 
tube to the opening at A, where it can be collected in a 
suitable vessel, which is called the receiver. You will use a 
retort when you are making nitric acid (see p. 269). 

^ Beakers are vessels made of thin glass. They are used to 
hold liquids which may have to be heated. AH glass apparatus 
which may have to be heated is made with thin walls, because 
glass is a poor conductor and expands as it becomes hot. If the 
walls were thick, the part next the source of heat would begin 
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to expand before the heat had had time to get right through the 
wall. You can imagine what would happen. If one part of 
the glass tried to expand while the neighbouring parts were still 
cold and therefore not expanding, a strain would be produced 
and the glass would crack.' Sometimes apparatus is mad^ 

of fused silica, that is, 
sand which has been 
melted and then 
moulded into the re¬ 
quired shape. The ad¬ 
vantage of silica ware 
is that sudden changes 
of temperature do not 
make it crack, since silica does not expand very much when 
it is heated. You can make a silica beaker red-hot and then 
plunge it into cold water without cracking it. Unfortunately,- 
silica vessels are very brittle and comparatively expensive,* 
otherwise they would be used much more. 

Flasks arc glass ves¬ 
sels with long necks. 

They are used for boil¬ 
ing liquids. Some are 
flat at the bottom, w’hile 
others are round (Fig. 6). 

The round ones are more 
inconvenient than the 
flat, since the latter 
will stand on a bench 
without support, but we generally prefer the round-bottomed 
ones, since they are not so liable to crack when heated. If 
you heat a flat-bottomed flask you will often find that it 
cracks round the edge of the flat piece at the bottom. 
Conical fiasksy sometimes called Erlenmeyer flasks, after the 
man who invented them, are shown in Fig. 6. They wil^' 
stand heat, and are used chiefly in analysis. 

^ Ab Chaucer says, 

“ Ful ofte it happeth so, 

The pot to*breketh, and Jarewel / ai ts jo / ” 




Fig. 6.—Flnsks. 
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Fig. 5.—Beakers. 
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Funnels .—There is not much to say about funnels. They 
are of the usual shape, but are made of glass, and have a solid 
angle of 60®. This is so that a filter-paper, when folded into 
quadrants and then opened, as shown in Fig. 7, will exactly 
, 1 fit them. Funnels are used in pouring a liquid into a vessel, 
and also in filtering. Some funnels have a different shape. 
They may have a head shaped like a thistle (thistle-funnels) 



Fio. 7.~-Fuim9l and Filtor*paper. 


(Fig. 8a), or they may be of the kind shown in Fig, 8b. The 
latter are called separating or tap funnels, and are used to 
separate’from one another two liquids that do not mix, such 
as oil and water. In the figure, the top layer in the funnel 
is oil, and the lower one water. If the tap is turned on and 
the stopper removed, water runs through, and when it has 
aU passed the tap the latter may be closed. In this way 
the oil can be separated from the water. 

Of all the glass apparatus the test-tube is the most useful 
As we could guess from its name, it is a tube in which we may 
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make tests or experiments. You should note this carefully 
for it will save you from the mistake of spe llin g the word 
“ testube.” Ordinary test-tubes are made of soft glass, that 
is, glass which will melt fairly easily when heated. These 
may be used for experiments in which heat is not required./it 
or for heating liquids in. They should not be used to heat ' 
solids in, since thev would melt. If we want to find what 
happens wlien we heat a solid, we place it in a Juird-qlass 



Fio. 8. 

Thistle Separating 

Funnel. Funnel. 


test-tube. This is made of a 
special kind of glass (see p. 350), 
which has to be heated to a 
very high temperature before 
it melts. 

Glass tubing, like test-tubes, 
is of two kinds, namely, that 
made of soft glass and that 
made of hard glass. The f 
latter is used if it has to 
withstand strong heating, but 
for most purposes the soft- 
glass tubing is quite satis¬ 
factory. 

Bending Glass Tubing .—You 
should always fit up your 
own apparatus if jmu can : it 
is not safe to leave it to other 


people. You must therefore practise the art of bending"^- 
glass tubing. The simplest exercise is to make a right-angle 
bend ; this is done as follows. Take a piece of soft-glass 
tubing, about 4 or 5 millimetres internal diameter, and about 
a foot in length. See that it is quite dry, inside and out. 

If there is any moisture inside the tube, remove it by blowing 
hot air through. You will find in the laboratory a pair of 
hand-bellows for this purpose : they blow air through an 
iron tube which is heated by a row of gas-burners. To theY^ 
end of the iron tube is connected a piece of rubber tubing to 
which you can attach the piece of glass tubing which you 
want to dry. 

/ 
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When your glass tubing is dry it is ready for bending. Get 
a fish-tail burner, that is, one which gives a fiat and luminous 
flame—not an ordinary Bunsen burner—and heat the glass 
tubing in the flame, holding it at the ends with your hands 
underneath and twisting it round and round continuously 



^Burners 

Fia. 9.—Apparatus for drying Glass Tubing, etc. 


SO as to get it evenly heated. (See Fig. 10.) Go on heating 
until you feel that the glass in the flame is quite soft, then 
take the tubing out of the flame and let one end gradually 
sink by its own weight (do not force it) until the required 
bend is produced. Before the glass has hardened, make 


Fio. 10.—Method of holding Tube in Flame. 

quite sure that both arms of the bend are in the same plane: 
try this by putting it down on a piece of asbestos and observ. 
ing whether it lies flat. If it does not, bend it till it does, 
gently re-heating if necessary. 

If your bend has been well made, the diameter of the tube 
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in the actual bend will be the same size as that of the rest of 
the tube (Fig. 11). If, however, you did not get the glass soft 
enough, or if you got it too soft, or if you forced it round, 
you will prob<ably find that the tube has partly collapsed, 
and formed a bad bend such as that shown in Fig. 12. 

The edges of glass tubing must never be left sharp or 
rough. They must be fire-polished, or smoothened by heat¬ 
ing in the flame until the sharp edges have been melted 
down. 

Boring Corks .—It is often necessary to pass glass tubing 
or thermometers through corks, and to make corks fit flasks, 
tubes, etc. New corks are hard, and will not fit well, so we 



Fio. 12.—Bad Bend. 



first have to soften them. This is best done by putting the 
cork on the floor and rolling it under the foot. A special 
piece of apparatus, called a cork-presser, may be used, but 
it is not so satisfactory as the foot. 

To bore a cork, it should be softened first, and then bored 
with a cork-borer. Cork-borers are brass tubes sharpened 
at the end. They are of various sizes, to make holes for 
tubes of various diameters. To find which size to use, take 
your piece of glass tubing and choose a borer which will 
almost but not quite pass over the tube. Then hold the 
cork in the left band, stick the borer in, perpendicularly to 
the face of the cork, and screw it round gently until it goes 
right through. Do Tiot force, it through, or it will tear the 
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cork, and instead of getting a clean cylindrical hole you will 
get merely a gaping rent. 



After you have bored the cork, push the plug of cork out 
of the borer by means of the metal rod which you will find 
in the box of borers. 

Rubber Tubing .—Rubber tubing is used for connecting 
two pieces of glass tubing together. When you are using 
it for joins in this way, see that the two pieces of glass tubing 
touch one another inside the rubber (Fig. 14). 





Fio. 14.—Glass Tubes joined by Rubber Tube. 

A, Wroog way. B, Eight way. 


The Balance.—The balance is the chemist’s chief instru¬ 
ment. It is a delicate piece of work, and should be treated 
with the utmost respect, as it is very expensive and, very 
easily damaged. It consists of (i) a beam, swinging on a steel 
or agate knife-edge, and (ii) two scale-pans attached one 
to each end of the beam by means of metal stirrups. Each 
stirrup rests on a knife-edge on the beam. From the centre 
of the beam a pointer projects vertically downwards, its 
lower end moving over a graduated scale (Fig. 15). 

At the ends of the beam are small screws which can be 
screwed in or out; these are for adjusting the balance so 
that when both pans are unloaded the pointer comes to rest 
exactly over the middle of the scale. In order to save the 
knife-edge, when the balance is not in use the beam is lowered 
by the handle H and rests on the screws S. 
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Fio. 15.—A Chemical Balance. 


A box of weights is shown in Fig. 16. You will see that 
each weight has its proper place in the box, and yoiL should 
be careful to replace them in their correct positions after use. 
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Rules for the use of the Balance. 

1. No chemicals, however harmless they may appear, 
are to be weighed directly on the pans, or on ■pa'per. 
They must be weighed on watch-glasses or in basins or in 

> some other glass or porcelain apparatus. There are no excep¬ 
tions to this rule. 

2. Counterpoising with bits of paper, shot, etc., is forbidden. 
If the balance is not properly adjusted, do not attempt to 
adjust it yourself, but report to the master or to the laboratory 
assistant. 

3. Never attempt to weigh anything hot. 

4. Do not put on or take off weights while the beam is 
swinging. 

5. Unless you are left-handed, put the 
object to be weighed on the left-hand pan, 
and the weights on the right-hand pan. 

6. Replace the weights in the box in 
the proper positions after use. 

7. Weights must be picked up with 
the forceps, and not with the fingers. 

8. Close the balance-case after you 
have finished weighing, or if you have to 
leave the balance (even if for only a short 
time). 

The Bunsen Burner.—After the 
balance, perhaps the most important 
piece of apparatus in the laboratory is the Bunsen burner. 
This was invented by Robert Bunsen (1811-99), a German 
chemist, and is shown diagrammatically in Fig. 17. 

The gas enters through the fine jet A, where it mixes with 
air drawn in through the large hole B. B may be partly or 
completely covered by turning round the ring of metal, C, 
which surrounds the base of the tube. At the top of the tube 
a mixture of gas and air comes off, and when this is lit it burns 
with a blue non-luminous flame. If all the air is cut off at 
B, the gas will then burn with a luminous flame, while if B 
is fully opened, a very hot, roaring flame is produced. For 
ordinary purposes, B is half open, and the flame is then quite 
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quiet, non-luminous, and not excessively hot. You will find 
more about “ Flame ” on p. 345. 

The other common pieces of apparatus present no diffi¬ 
culty, and as you will soon meet them all in the laboratory, 
nothing need be said about them here. 


Questions 

1. Some people eay that when bo 5 's and girls are doing practical 
chemistry they should use jam-jars, saucepans, broken plates and 
saucers, and so on, instead of the usual apparatus. Do you agree 
with this or not ? Give reasons for your answer. 

2. Draw and describe a retort. How does it differ from the old- 
fashioned alembic ? 

3. Wliat are beakers ? Why are they made of thin glass ? 

4. How would you separate from one another two liquids which 
do not milt ? 

5. Describe exactly how you would proceed to make a right-angled 
bend in a piece of glass tubing. 

6. How would you bore a cork T 

7. Draw a diagram of a balance to show the principal parts. 

8. Write down the rules for the use of the balance. 

9. Make a drawing of a Bunsen burner and explain how it works. 


Z2 


AN ELEMENTARY CHEMISTRY 

position ; in other words, no new sort of matter is formed when 
water is turned into ice or steam, and so we call this kind of 
change a physical change too. Solid, liquid, and gas are 
called three physical slates of matter, and most substances 
can be obtained in all three states under appropriate con¬ 
ditions. Thus a solid can usually be melted, forming a 
liquid, wliile a liquid may be boiled and so converted into a 
gas. A gas, too, may be converted into a liquid by cooling, 
and into a solid by further cooling. Even ordinary air can 
be turned into a colourless liquid if it is cooled sufficiently, 
while if liquid air is still further cooled it freezes to a colour¬ 
less solid. Change of physical state, then, which is merely 
a matter of adding or removing heat, causes no change in the 
composition of the substance concerned, and is therefore 
said to be a physical change. 

You will notice that it is usually easy to reverse a physical 
change. For example, if you have white-hot platinum, it 
is easy to get ordinary platinum simply by cooling, while, as 
we have seen, magnetized iron may be demagnetized merely 
by dropping it on the floor a few times. 

Suppose we take a piece of sulphur and heat it. First of all 
it melts, and then the liquid- sulphur boils. If we cool the 
vapour we can get liquid sulphur back again, and then solid 
sulphur. The changes are, in fact, physical ones. But if we 
heat the sulphur more strongly, and let air get at it, we shall 
find that it takes fire and burns with a blue flame, giving off a 
choking gas with a very characteristic smell. After a time, all 
the sulphur will have disappeared. If we collect the gas wMch 
is formed, we shall notice that it is colourless, and that on 
cooling it to ordinary temperature it does not change in any 
way. We cannot, in fact, get sulphur back from it merely by 
reversing the conditions ; it is a new sort of matter altogether. 
This kind of change is therefore different from those we have 
previously considered ; it is, in fact, a chemical change. If 
we weighed the sulphtir before we started, and weighed the 
gas which was formed, we should find that an increase in 
weight had occurred. This is different from what happens 
in a physical change, for if we freeze 10 grams of water we 
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get 10 grame of icei and if we magnetize a piece of iron weighing 
30 grams we find that the iron after magnetization still 
weighs 30 grams. 

Other examples of chemical changes are the rusting of 
iron and other metals, the burning of coal, wood, oil, gas, 
and so on, the decomposition of potassium chlorate by heat, 
and other reactions which you will carry out in the laboratory. 
You will find it very easy to distinguish between chemical 
and physical changes, so we need not talk about them at 
length here. It will be useful, however, to summarize the 
chief characteristics of the two kinds of change, so that you 
can remember them easily : 


Physicai. Cbakges 

1. May be merely a change of 

state, from solid to liquid, 
liquid to gas. etc. 

2. No new sort of matter formed. 

3. No change in weight. 


4 . Generally easily reversible. 

5. Excluding latent heat, little 

heat 16 usually taken in or 
given out. 


Cq£micai« Changes 

1. Mere change of state does not 

involve a chemical change. 

2. Now sort or sorts of matter 

formed. 

3. Although the total weight of all 

the substances taking part 
is unchanged, the aeparaX^ 
^'eights of the different sub¬ 
stances change. Thus U we 
taka 32 grams of sulphur and 
burn it in 32 grams of oxygen, 
we get 64 grams of a now 8ub« 
stance, sulphur-dioxide, and 
0 grams of sulphur and 0 of 
oxygen left. 

4. Only seldom reversible ; gener¬ 

ally irrovorsible. 

5. A chemical change is generally 

accompanied by the produc¬ 
tion of heat (and ofton of 
light). Sometimes heat is 
absorbed. 


To decide, therefore, whether a given change is physical 
or chemical, what we really have to do is to find out whether 
a new sort of matter is formed. If so, the change is a chemical 
one. Suppose, for example, we bum a piece of magnesium 
ribbon. It burns with a brilliant light, and the residue con* 
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sists of a white powder very difTcrent from the original mag¬ 
nesium. The change is therefore chemioal. If we weighed 
the magnesium we should find that every 24 grams of mag¬ 
nesium gave 40 grams of the white powder. 

It might appear, therefore, that in a chemical change, 
matter is produced out of nothing. Chemists have, however, 
investigated this question very closely, and their conclusions 
may be summed up in the words Matter can neither be created 
nor destroyed. This statement is known as the Law of the 
Conservation of Matter, and we shall see that it is of great 
importance in chemistry. 

Let us return to the case of the magnesium. We started, 
let us suppose, with 24 grams of magnesium, and we got 

40 grams of the white powder formed. 
What is the cause of the increase of 
weight ? We can get a clue to this 
problem by trying to burn the magnesium 
in a vacuum. If we attempt to do this, 
we find that the magnesium refuses to 
burn. It seems clear, therefore, that we 
must look for the source of the increase 
in weight, which takes place when mag¬ 
nesium is burnt in the air, in the air 
itself. If this is so, then if we burn a 
piece of magnesium in a closed flask, the flask as a whole 
ought to weigh the same afterwards as before, since what 
is gained by the magnesium will be lost by the air in the 
flask. This experiment has been tried by chemists, and the 
expected result has always been found. You yourselves 
may carry out similar experiments in the laboratory. 

(i) Take a clean conical flask and fit it with a rubber stop¬ 
per. Into the flask put about 20 c.c. of common salt solution, 
and a small test-tube containing silver nitrate solution (Fig. 
18). Replace the stopper and weigh the apparatus as accur¬ 
ately as possible. Then tilt the flask so that the two solutions 
mix. You will find that a chemical action takes place, 
resulting in the formation of a white precipitate of silver 
chloride. Weigh the apparatus again. 



Fig. 18. 
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(ii) Take a clean dry round-bottomed flask, fitted with 
a rubber stopper, and in it place a small piece of yellow phos¬ 
phorus which you have dried between filter-paper. Replace 
the stopper firmly. Weigh the apparatus as carefully as 
you can. Ignite the phosphorus by dipping the bottom of 
the flask into hot water. Put your thumb on the stopper 
to make certain that it is not blown out. Allow the flask 
to cool after the reaction is over, dry it with a clean cloth, 
and weigh again. 

If you find that in these two experiments there is no change 
in weight, you will be able to conclude that, in these two 
cases at least, no matter has either been created or destroyed, 
80 that the Law of the Conservation of Matter is confirmed. 
Of course, some one might object that your balance was not 
sensitive enough to let you be quite certain that no change 
in weight had occurred. All you can reply to this is that, 
up to the present, no chemist has been able to detect the 
creation or destruction of matter, even with the most delicate 
balance ever constructed. Landolt, for example, could find 
no change in weight even when his apparatus was sensitive 
enough to detect a loss or gain of one part in ten m illi on, 
Hence we are perfectly justified in assuming that it cannot be 
done. However complicated the change may be, it is always 
found that the total weight of all the substances started with is 
exactly equal to the total weight of all the substances formed. 
If this were not so, chemistry could not exist, for chemists 
would never know what was going to happen. 

(Various Kinds of Chemical Change.—There are many 
different kinds of chemical change, the most important of 
which are— 

(i) Combination. 

(ii) Decomposition. 

(iii) Replacement or Substitution. 

(iv) Double Decomposition. 

It is easy to imderstand the difference between them by 
considering definite examples, all of which will be shown to 
you in the lectures. 

(i) Combination .—two or more substances react 
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together to form only one product, they are said to combine. 
Thus if magnesium is burnt in oxygen, we get a white powder, 
called magnesium oxide, and nothing else. Magnesium oxide 
is, in fact, composed of magnesium and oxygen. We may 
express the change by a chemical “ equation ”— 
Magnesium + oxygen — magnesium oxide. 

Other examples are— 

(а) Phosphorus + iodine = phosphorus iodide. 

(б) Hydrogen -}- clilorine = hydrogen chloride. 

(c) Ammonia + hydrogen chloride = ammonium chloride. 


(ii) Decomposition. —When one substance splits up into 
two or more substances it is said to decompose. Thus if 
mercuric oxide is heated it splits up into mercury and oxygen— 

Mercuric oxide = mercury + oxygen. 

Other examples are— 


By action 
of heat 


(а) Potassium clilorate = potassium chloride 4* 

oxygen f 

(б) Sodium bicarbonate = sodium carbonate + 

water 4- carbon dioxide 'h . 

(c) Lead nitrate — lead oxide 4“ oxygen 4^ 4“ 
^ nitrogen peroxide 4' • 


(iii) Replacement or Substitution. —If one substance takes 
the place of another in a compound, the action is called a 
replacement. Thus when we add zinc to copper sulphate 
solution, the zinc turns out the copper, which is precipitated, 
and we are left with a solution of zinc sulphate— 

Copper sulphate 4- zinc = copper 4- zinc sulphate. 

Other examples are— 

(а) Copper sulphate 4- iron = copper 4- iron sulphate. 

(б) Silver nitrate 4~ zinc = silver 4“ zinc nitrate. 

(iv) Double Decomposition. —If we have a compound AB 
that reacts with another compound CO in such a way that 
two new compounds, AO and CB, are formed, the action is 
called a double decomposition. Thus if we add sodium 
chloride solution to silver nitrate solution, we get a white 
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precipitate of silver chloride, while sodium nitrate is left 
in solution— 

Sodium chloride + silver nitrate 

= silver chloride -J/ + sodium nitrate. 
Other examples are— 

(c) Mercuric chloride -f- potassium iodide 

= mercuric iodide >1^ + potassium chloride. 
(6) Sodium sulphate -j- barium chloride 

= barium sulphate + sodium chloride, 
(c) Sodium hydroxide + iron chloride 

= iron hydroxide 4- + sodium chloride. 
^ The reactions given as examples in § iv are all carried out 
by mixing solutions of the substances on the left-hand side. 
The sign 4 indicates that the substance immediately in front 
of it is insoluble in water, and comes down as a precipitate, 
i.e. is thrown out of the solution as a solid. The sign in¬ 
dicates that the substance comes off as a gas. 


Elements, Compounds and Mixtures 

The substances of which the world is composed are divided 
by chdmists into three groups, elements, compounds and mixtures. 
All three of these names are probably quite familiar to you, 
but in chemistry they have quite definite meanings, different 
from those which are attached to them in the everyday lan¬ 
guage of the people. Thus, when a poet talks about the 

strife of the elements ” we know he is referring to fire, air, 
earth, and water. By using the word in this sense, he shows 
that he is still under the influence of a chemical theory elabor¬ 
ated by Aristotle some 2,000 years ago. According to 
Aristotle (384-322 b.c.), the greatest scientist of ancient 
Greece, the multitudinous substances which go to make up 
the world of nature are each and all composed of four simple 
substances, fire, air, earth and water ; these he called the 
Four Elements. Gold, according to Aristotle, consists of these 
four elements in a certain proportion ; silver also consists of fire, 
air, earth and water, but in a different proportion, and the 
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same he believed to be true of all other substances. The 
views of Aristotle were accepted throughout the ages right 
up to the time of King Charles II, and, as we have seen, 
traces of them are to be found even at the present day. 

However, towards the end of the seventeenth century, 
the Honourable Robert Boyle wrote a book, called The 
Sceptical Chymist, in which he showed that Aristotle’s opinions 
on the composition of matter were unsatisfactory. Boyle 
proposed another definition of an element—a definition which 
has since been universally adopted by chemists. The Scep‘ 
Heal Chymist was published in 1661. In it the author says : 
“ I mean by elements, as those chymists, that speak plainest, 
do by their principles, certain primitive and simple, or per¬ 
fectly unmingled bodies ; which not being made of any other 
bodies, or of one another, are the ingredients of which [all 
other substances] are immediately compounded, and into 
which they are ultimately resolved.” In other words, an 
element is a single substance, which cannot be split up into 
simpler substances. 

This is exactly our modern idea of elements. We j'egard 
as an “ element ” any substance which, up to the present, 
has not been decomposed into two or more constituents. 
Of course, future research may show that some of those 
bodies which we regard as elements are not really so ; in 
time to come a chemist may perhaps split up iron, for example, 
into simpler bodies. This kind of thing has often happened 
in the past, so that we have learnt to be cautious, and in¬ 
stead of saying “ an element is a substance which cannot 
be split up into simpler ones,” we say “ an element is a 
substance which has not yet been split up.” 

About 92 elements are known. A table of them is given 
on p. 437. Common elements are oxygen, hydrogen, carbon, 
sulphur, gold, silver, iron, lead, tin, copper, mercury and 
aluminium. 

Mixtures and Compounds.—^Here, again, you must be 
careful to understand what exactly the chemist means by 
“mixtures” and “compounds.” In everyday life people 
often use the words as if they meant the same as one another, 
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while you may even see a cough s 3 Tup described as a “ com¬ 
pound mixture/’ The chemist, on the other hand, distin¬ 
guishes between these two classes of substances very carefully 
indeed, and you must make quite certain that you yourselves 
can do so. In the laboratory you will carry out experiments 
on the subject, but meanwhile we can discuss it shortly here : 
it is by no means difficult, and examiners are very fond of it. 
In the words of Robert of Chester, whai should I say more ? 

Suppose you took a number of thieves and a number of 
policemen and crowded them all together (without disclosing 
their identity). Well, you would then have a mixture of 
thieves and policemen. You will see at once (a) that the 
policemen are not attached to the thieves, (6) that there is 
no necessary connection between the number of policemen 
and that of the thieves, and that therefore (c) we could mix 
any number of thieves with any number of policemen, and 
(d) we could separate the two classes without difficulty. For 
example, we could draw the thieves out of the crowd by 
holding up a few diamond tiaras on the outskirts, while imme¬ 
diate Reparation would occur if we were to blow a whistle 
in the neighbourhood, the policemen moving rapidly towards 
the whistle and the thieves distinctly more rapidly in the 
immediately opposite direction. 

In exactly the same way, if we stir up some iron filings 
with some sulphur powder, we get a mixture of the two. 
With a lens we can still see the particles of each substance 
—they have not changed in any way. Moreover, there is 
no limit to the weight of iron which we can mix with a given 
weight of sulphxxr, and vice versa. Finally, we can separate 
the iron from the sulphur by passing a magnet over the mix¬ 
ture, which has the same effect on the iron-sulphur mixture 
as holding up diamond tiaras has on the thieves-policemen 
mixture. We see another resemblance between the two 
cases, for the thieves and the policemen, though they happen 

to be close to one another, have not changed in any way_ 

the thief is still a thief and the policeman a constable. 

Now, suppose the policemen were suddenly made aware 
of the fact that their companions in the crowd were all 
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“ wanted.” Combination would occur at once. Let us 
suppose that one policeman could manage one thief. Then 
if there were more thieves than policemen, the excess would 
evaporate, while if there were more policemen than thieves 
then there would be some policemen left unemploy;ed. During 
the combination of the thieves with the policemen, heat 
would probably be evolved : the mass would get white-hot 
with excitement, and we might expect to see sparks. What 
would the product be % It would clearly be a collection of 
particles each consisting of one thief united firmly by hand¬ 
cuffs to a policeman. Note that the weight of the thieves 
need not be the same as the weight of the policemen, but if 
one of the latter weighed 16 stone and a thief 10 stone, then 
the policeman-thief particle would weigh 26 stone. 

How does one of these particles differ in properties from 
the two ” elements ” of which it is composed ? In the first 
place, it will no longer be attracted by a diamond tiara, the 
properties of the thief having been changed by his combina¬ 
tion with the policeman. In the second, we can no longer 
separate the thieves from the policemen merely by blpwing 
a whistle. To separate thieves from policemen we should 
now have to cut the bond which unites them, i.e. to cut through 
the handcuffs. 

Let us now return to the fron and sulphur. If we heat the 
mixture the iron and sulphur appear to become acquainted 
with the fact that they are in close proximity, and they com¬ 
bine together, the mass becoming incandescent. Each 
extremely minute particle of iron (the atoms of iron, about 
which you will read in Chapter VH) captures one atom or 
minute particle of sulphur, and a new substance is formed, 
the tiny particles of which each consist of one particle of 
sulphxir and one of iron. Now, if there are more sulphur 
atoms than iron atoms, the excess of sulphur will vaporize 
and be driven off, while if there are more iron atoms than 
sulphur atoms, the excess of iron atoms will be left. You 
see that the parallel with the thieves and policemen is very 
close. 

The new substance which is formed is iron sulphide. What 
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properties does it possess ? In the first place, it is no longer 
attracted by a magnet, just as the combination thief -j~ 
policeman is no longer attracted by a tiara. The fact that 
the thief is closely bound to the policeman alters his pro¬ 
perties, and the fact that an iron atom is closely bound 
to a sulphur atom altera the properties of the iron atom. 

We saw, above, that if a thief weighs 10 stone and a police¬ 
man 16 stone, every stone of thief is eqxxivalent to 1-6 stone 
of policeman. Hence if we had 100 stone of thieves to 
capture we should want 160 stone of policemen to do it, 
supposing that all thieves are alike in weight and all police¬ 
men similarly. The same sort of thing is true about the 
iron and the sulphur. Each iron atom weighs If times as 
much as a sulphur atom. Hence, if we want to convert 1 
gram of sulphur into iron sulphide we must use 1'75 grams of 
iron, or else we shall have some sulphur or some iron left 
over. 

Finally, although the thief-policeman compound contains 
both thief and policeman, they cannot easily be separated 
from one another. They are held together by a bond. So 
are the iron and sulphur in iron sulphide. The bond in this 
case is called chemical force. What exactly this force is we 
do not know. We do know, however, that to snap the 
chemical bonds between substances cannot be done by any 
mechanical means, such as magnetic force, or by using a 
pair of forceps, or by dissolving in water and filtering, etc. 
To break chemical bonds we have to bring about a chemical 
change, either by the action of heat or by making the sub¬ 
stance react with other substances. 

We are now in a position to sum up the main differences 
between mixtures and compounds. 

1. The composition of a mixture may vary, but the com' 
position of all specimens of the same compound is always the 
same. 

If we mix sand and salt, no chemical reaction occurs, 
and the proportion in which we mix the two substances can 
be varied at will. Similarly, if we mix hydrogen and oxygen 
we can do so in any proportion we like ; but if we make 
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hydrogen and oxygen combine to form a compound, water, 
we shall find that they do so in certain definite proportions 
by weight (1 of hydrogen to 8 of oxygen) which it is quite 
beyond the power of any chemist to alter. 

2. The constituents of a compound can never be separated by 
mechanical means, while those of a mixture may be. 

This is because the constituents of a compound are bound 
together by chemical force, whereas those of a mixture are 
not. 

3. In a mixture, each constituent retains its ovm properties, 
but the properties of a compound are different from those of its 
constituents. 

Thus, sand is a gritty substance insoluble in water, and 
sugar is a sweet substance soluble in water. If we taste a 
mixture of sugar and sand we can detect both the gritty 
sand and the sweet sugar, while if we add some of the mixture 
to water, the sugar dissolves and the sand does not. We 
should expect this, for by merely mixing the sand and the 
sugar together we have not altered the particles of either, 
and therefore we should be surprised if either of them showed 
any alteration in chemical properties. 

When, however, we combine hydrogen with oxygen, we get 
a new sort of substance altogether, and we find that the pro¬ 
perties of water differ considerably from those of hydrogen 
and from those of oxygen. 

4. Compounds are the product of chemical reaction. Now 
chemical reaction is usuaUy accompanied by evolution of 
heat {in a few cases by absorption of heat). To split up a 
compound into its constituents we should therefore expect 
to have to supply at least as much heat as was given out when 
it was formed. This is found to be the case. If, in practice, 
we find that on adding one substance to another, heat is evolved 
(or, rarely, absorbed) we suspect that a chemical reaction 
has occurred, and that the product is a chemical compound. 
There are many other factors to consider here, but we shall 
be safe in taking evolution of much heat as a rough indication 
of chemical change. (Evolution of heat due to the conden¬ 
sation of a vapour or the freezing of a solid must, of course, 
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be neglected ; these changes do not, involve the formation 
of new substances.) 

Mixtures, then, are composed of two or more substances not 
held together by chemical force. They may be mixtures of ele¬ 
ments, or mixtures of elements and compounds, or mixtures of 
compounds. 

Compounds are substances composed of two or more elements 
bound together by chemical force. 

[On revising, read the following paragraph : 

When you have studied the atomic theory, you will realize 
that elements consist of one kind of atom oidy, compounds 
consist of one kind of molecule only, and mixtures consist of 
at least two different kinds of molecules. Now, to separate a 
molecule into its constituent atoms we have to overcome 
the chemical force which holds those atoms together. To do 
this requires a chemical action ; in other words, if the con¬ 
stituents of a compound axe regarded as the elements of which 
it is composed, it is impossible to separate that compound 
into its constituents by purely mechanical means, i.e. means 
which do not involve a chemical reaction. The constituents 
of a mixture, however, if we regard these as the various sub- 
stances which have been mixed together, are not bound 
together by chemical force, and therefore can, in theory, 
always be separated by merely mechanical means, since there 
is no chemical force to overcome. In practice, certain mix¬ 
tures may prove difficult to separate mechanically into their 
constituents, because there may be no suitable mechanical 
means available; such a separation is, however, always 
theoretically possible, whereas the decomposition of a com¬ 
pound into its constituents by mechanical means is theoreti¬ 
cally and practically impossible.^ 

In the laboratory, you will conduct experiments on the 
separation of mixtures such as sand and sugar, gunpowder, 
aniline and benzene, water and alcohol, iron and sulphur, 
into their constituents. You should refer also to the dis¬ 
cussion on the nature of air, p. 190. 
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Qt^ESTIONS 

1. What are the chief characteristics of (a) physical changes, (6) 
cherfiical changes ? 

2. State whether the following are physical changes or chemical 
changes, giving your reasons in each case : 

(a) Magnetization of iron. 

(b) Burning of magnesium in air. 

(c) Molting of ice. 

(d) Condensation of steam to water. 

(e) Bxploston of a mixture of hydrogen and oxygen. 

(/) Dissolving salt in water. 

(^) Conversion of sugar into barley-sugar. 

3. State the Law of the Conservation of Matter^ and describe experi¬ 
ments to illustrate its truth. 

4. How may chemical changes bo classified ? Mention two examples 
of each type. 

5. Define the term elements. Who first invented the modern 
definition of an element ? 

6. What were Aristotle's ideas on the structure of matter T Criticize 
them in the light of your own knowledge of chemistry. 

7. What are the principal differences between mixtures and com¬ 
pounds ? 

8. Is gunpowder a mixture or a compound 1 Give yoxix reasons. 

9. How would you attempt to find out whether a given substance 
wae a mixture or a compound 1 



CHAPTER V 
THE GAS LAWS 


If you place a toy balloon, fully inflated, in front of the 
fire, your carelessness is startled by an explosion—the balloon 
has burst. Jn order to find out why it burst, try the experi¬ 
ment again^ with another balloon ; but this time watc^ it 
and see what happens. You will find that, like the frog in 
the fable, tb^ balloon begins to swell, and continues until 
at last the skin can withstand the pressure no longer and 
suddenly breaks. From this pleasant scientific investigation 
you can gather a very important fact, namely, that gases 
expand when they are hecUed. On thd other hand, when gases 
are cooled, their volume becomes smaller : in other words, 
they contract. 

Roughly, then, we may say that, if we are dealing with a 
given weight, or mass, of a gas, its volume wUl depend upon 
the temperature. The higher the temperature the greater 
the volume will be, and conversely. Numerous experiments 
by many different chemists have shown that this is true for 
all gases, whatever they may be, and the French scientist, 
Charles, made it his business to find out how much the volume 
of a gas was changed by changes of temperature. He and later 
workers finally discovered that the volume of a given mass of 
gas varies directly as the Absolute temperature if the pressure is 
kept constant {i.e. not allowed to change). This statement is 
known as Charles’s Law, though Charles himself expressed 
the law differently. 

What exactly does this Law mean 1 In the first place, 
let, us settle the question of “Absolute Temperature.” On 
the ordinary Centigrade scale, the freezing-point of water is 
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0° and its boiling-point 100°. The Absolute scale has degrees 
of the same size, i.e. there are 100 of them between the freez* 
ing- and boiling-points of water, bxit it starts 273° lower than 
the Centigrade scale. Hence, 0° C. is 273° Abs., and — 273° C. 
is 0° Abs. All we have to do, therefore, to find the Absolute 
temperature of a substance is to add 273 to the temperature 
in degrees Centigrade. Suppose the temperature of a gas 
was 15° C. What would its Absolute temperature be ? Well, 
15 + 273 = 288, so that its Absolute temperature would be 
288°. 

The next point is : what does “ varies directly as ” mean ? 
Two quantities are said to vary directly as one another when, 
if one of them is increased or decreased in a certain propor¬ 
tion, the other is also increased or decreased in the same 
proportion. Thus, the number of buns you can buy in the 
break varies directly as the number of pennies you have to 
spend. If you double the number of pennies, you double 
the number of buns ; if you halve the number of pennies, 
you halve the number of buns, and so on. 

In exactly the same way, two quantities are said to vary 
inversely as one another wben, if one of them is increased 
in a certain proportion, the other is decreased in that pro¬ 
portion, and conversely. Thus, the number of the aforesaid 
buns which you can get for a shilling varies inversely as their 
price. If {absit omen !) the price of buns is doubled you can 
get only half as many for a shilling as you could before ; if, 
taking a more optimistic view, the price of buns were to be 
halved, you could get twice as many for a shilling as you did 
originally. The sign which the mathematicians use to save 
themselves the trouble of writing “ varies as ” is oc, so that 
a cc b means " a varies directly as b.” On the other hand, 

o oc is a short way of saying “a varies inversely as 6.” 

The only other thing to notice in Charles’s Law is that the 
pressure must be kept constant if the law is to hold. This 
is because changes of pressure in themselves affect the volumes 
of gases, so that clearly we must not allow the pressure to 
change if we want to find the effect of change of temperature 
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only. Similarly, when we are investigating the effect of change 
of pressure upon the volume of a gas, we must keep the 
temperature constant. 

To express Charles’s Law simply, we may write that, for 
a given mass of gas, 

V oc T when P is constant, 

V being the volume, T the absolute temperature, and P 
the pressure. 

Let US now apply the Law. 


Examples.—( i) A gas occupies 72 c.c. at 15“ C. What will be its 
volume at 100® C, T 

The first thing to do is to change the Centigrade temperatures to 
Absolute temperatures. 15® C. « (273 + 15)® Abs. = 288® Abs. ; 
100® C. « (273 + 100)® Abs. = 373® Abs. 

Now» we are taking the gas from 288® to 373®» t.e. we are heating 
it. Hence it will expand, and so its final volume will be greater than 
its original one. By Charles’s Law, since the temperature has been 


373 



portion. 

373 

New volume = original volume X ggg 




72 X 373 
“ 288 
= 93'3 c.c. 


c.c. 


(ii) A gas occupies 1,000 c.c. at 0“ C. To what temperature must 
it be heated so that it may occupy 2,000 c.c. 7 

Change the temperature to “ Abs. 0“ C. = (273 + 0)“ Abs. = 
273“ Abs. 

Let a:“ = new temperature Abs. 

Then ^*^27^ *" “ 2,000, by Charles’s Law. 

X = 546“ Abs. 

= (646 — 273)“ C. = 273“ C. 

(iii) A gas occupies 450 c.c. at 27“ C. What will its volume be at 
— 171“ C. 7 

Change the temperatures to “ Abs. 

27" C. = (273 + 27)“ Abs. = 300" Abs. 

— 171" C. = (273 — 171)" Abs. = 102" Abs. 
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As tho gas is to bo coo!e<I it will contract; therefore the larger of 
the two temperature numbers must go at the bottom in the expression. 

4."i0 X 102 


New volume = 


300 


— 153 c.c- 

In all three of those examples, it has of course been assumed that 
the pressure was constant throughout. 


Boyle’s Law.—The “ father of chemistry, and brother 
of the Earl of Cork,” was the Honourable Robert Boyle 
who in 1662 discovered how the volxime of a gas changes 
with variations in pressure. He showed {Boyle's Law) 
that the volume of a given mass of gas varies inversely 
as the pressure upon it, if the temperature is constant. Gas 
pressure is measured in terms of the length of a column of 
mercury which the pressure could support. Thus, a “ pres¬ 
sure of 100 mm.” means a pressure which could support a 
vertical column of mercury 100 mm. high. For higher 
pressures, a larger unit, the ” atmosphere," is used it is equal 
to the average pressure of the earth’s atmosphere at sea-level, 
viz. 760 mm. The pressure of 760 mm. is also called Normal 
or Standard Pressure. 

If we assume Boyle’s Law, we can calculate what volume a 
gas would occupy at any desired pressure, if we know what 
its volume is at one particular pressure. Suppose a gas to 
occupy 100 c.c. at 500 mm. pressure. What volume would 
it occupy at 760 mm. ? Since the pressure will be greater, 
the volume will be less, and therefore we must put the larger 
pressure at the bottom in the expression. 


New volume — 


100 X 500 
760 


65-7 c.c. 


If you always ask yourself first whether the final volume, 
in calculations on Boyle’s and Charles’s Laws, will be greater 
or smaller, and arrange the factors of your expression accord- 
ingly, you will never go TiTong. 

Boyle’s Law may be shortly ^expressed thus : 

V cc i if T is constant. 




Thk Honourable Robert Boylb. 
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It follows from Boyle’s Law and Charles’s Law together that 
the pressure exerted by a gas is directly proportional to the 
ABSOLUTE temperature if the volume is constant, or P oc Abs. T 
if V is constant. 

Normal or Standard Temperature and Pressure.—We 
have seen that normal or standard pressure is taken as 760 
mm. of mercury. Normal or standard temperature is taken 
as 0® C., the temperature of melting ice ; this is, of course, 
273* Absolute. 

N.T.P. or S.T.P. is used as a contraction for normal or 
standard temperature and pressure, i.e. 0* C. and 760 mm. 

Correction of the Volume of a Gas saturated with 
Water-vapour.—If a gas is allowed to stand in contact with 
water, it finally becomes saturated with water-vapour. It 
is therefore no longer pure, but a mixture of the gas with water- 
vapour. The total pressure of a gaa in this condition will 
therefore be made up of two pressures, viz. (a) the pressure 
of the gas itself, and (6) the pressure of the water-vapour. 
Now the pressure of water-vapour in contact with liquid 
water is found to be constant at constant temperature. 
Tables have been drawn up giving the “ pressure of aqueous 
vapour,” or “ vapour pressures of water ” at different tem¬ 
peratures, and ,by reference to them we can at once find 
the pressure of the water-vapour in a gas saturated with the 
latter at a known temperature. If the gas is collected under 
atmospheric pressure, the real pressure of the gas itself will 
be the atmospheric pressure minus the pressure of water- 
vapour at the temperature concerned. 

Example.—S upposo we have 100 c.c. of a moist gas at 15® C. when 
the barometer reads 770 rara. What will be its volume dry at N.T.P. ? 
First, look up th^ pressure of water-vapour at 15“ C. This is found 
to be 12-7 mm. Therefore the true pressure of the gas is 770 — 12-7 
= 757-3 mm. The rest of the correction is then made in the usual way. 

^ —It takes some considerable time for a gas collected 
over water in the usual way to become saturated with 
water-vapour, so that it is generally better not to apply this 
correction in ordinary laboratory experiments (except in 
examinations, where examiners always expect you to do it). 



52 


AN ELEMENTARY CHEMISTRY 


Questions 

1. Stnt© Boyle's Law and Charles's Law, 

2. What do j'ou mean by ICormal Temperature and Pressure ? 

3. A gas occupies a volume of 19*0 c.c, at a pressure of 800 mm.; 
what volume will it occupy at a pressure of 7C0 mrn. if the temperature 
is kept constant ? 

4. The volume of a gas in a cylinder is 35'0 c.c. when the pressure 
is 720 mm. If the pressure is increased to 750 mm., the tomporature 
being kept constant, what will bo the new volume of the gas ? 

5. When subjected to a pressure equivalent to 700 mm. of mercury, 
a gas occupies a volume of 11*0 c.c. The pressure is now increased 
until the volume is reduced to 10*0 c.c. ; what is this final pressure, 
assuming that the temperature remained constant throughout the 
experiment ? 

6. A volume of gas at a pressure of 729-5 mm. occupies 124 0 c.c. ; 
what volume will it occupy at 7G0 mm. pressure if the temperature is 
kept constant ? 

7. What volume will a gas occupy at 700 mm. pressure if it occupies 
61*2 c.c. when the pressure is 789-4 mm., the temperature being kept 
constant ? 

8. If a gas occupies 25 0 c.c. at a temperature of 27® C., what volume 
will it occupy at 0® C. if the pressure romaina constant ? 

9. A gas occupies 96 0 c.c. at 15® C. Find its volume at 0® C. if the 
pressure remains constant. 

10. At 45® C. a gas occupies 214*0 c.c.; what will its volume be at 
0® C. if the pressure is the same ? 

11. A volume of gas at a temperature of 80® C. occupies 24 0 c.c. 
The temperature is now lowered, the pressure being kept constant, 
until the volume of the gas has been reduced to 18 0 c.c. Find the 
final temperature. 

12. Find the volume at 0® C. of a gas which occupies 106-0 c.c. at 
28® C., the pressure being the same at both temperatures. 

13. Find the volume at S.T.P. (0®C. and 760 mm.) of a gas which 
occupies 102 0 c.c. at 33® C. under a pressure of 780 mm. 

14. At 27 C. and under a pressure of 750 mm., a gas occupies a 
volume of 38-0 c.c. Find its volume at N.T.P. 

15. At 12® C. and 775 mm. pressure a gas occupies 361-0 c.c. Find 
its volume at N.T.P. 

16. A gas occupies a volume of 22-6 c.c. at a temperature of IS*' C. 
and a pressure equivalent to 754 mm. of mercury ; what will its volume 
be at 0® C. and 760 mm. pressure ? 

17. Find the volume at 0® C. and 760 mm. pressure of a gas which 
occupies 51-2 c.c. at 23® C. tind 765 mm. pressure. 

18. A volume of gas collected over water was found to measure 
38-0 c.c. at atmospheric pressure. The temperature of the water 
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was 12° C., and the height of the barometer was 760-51 mm. Find 
the volume of the gas at S.T.P. (0° C. and 760 mm.) to the nearest c.c. 

ly. A gas collected over water at 21° C. occupied 133-0 c.c. at 
atmospheric pressure, the height of the barometer being 792-12 mm. 
Find the volume of the gas at S.T.P. 

f 20. What volume will a gas occupy at N.T.P. if it is found to occupy 
67-4 c.c. when standing over water at 15° C., the levels being equated 
so that the gas was at atmospheric pressure T The height of the 
barometer was 773-58 mm. 

21. Find the volume at N.T.P. of a gas which, collected over water, 
occupies 156-2 c.c. at 14-5 C. and atmospheric pressure. The height 
of tho barometer was 761-98 mm. 

22. The following data were obtained in a Victor Meyer experiment; 

Volume of air in graduated tube after levelling 64-9 c.c. 
Temperature of water ..... 17-2 C. 

Height of barometer. 767-41 mm. 

Find the voliime of the air reduced to N.T.P. 

23. A volume of gas collected in a graduated cylinder over water 
^ measured 22-6 c.c. when the levels of the water inside and outside the 

cylinder were the same. The temperature of the water was 11-2°C., 
and the height of the barometer was 769-17 mm. Find the volume 
of the gas at S.T.P. 



CHAPTER VI 


EQUIVALENTS 

When I send the lab.-boy to the grubher ^ in break to get 
me a couple of buns, I find that it is necessary to provide him 
with threepence every time. It is, unfortunately, not possible 
to obtain an unlimited supply of buns for one threepenny-bit : 
two buns are strictly equivalent to three pennies. This is an 
example of a great truth which applies also in the less vitally 
important subject of chemistry. For example, when I dissolve 
magnesium in dilute sulphuric acid I find that a definite quan¬ 
tity of sulphuric acid—say 98 grams of the pure acid—will not 
go on dissolving magnesium for ever. This quantity of acid 
will dissolve up to 24 grams of magnesium, but there it stops, 
and the reason is not far to seek—at this point there is none 
of the acid left. The 24 grams of magnesium and 98 grams 
of sulphuric acid have been converted into hydrogen and 
magnesium sulphate. If we measure the volume of hydrogen, 
we shall be able to calculate its weight, since 1 litre of hydro¬ 
gen at N.T.P. weighs 0-09 grams ; in this case we should 
find that exactly 2 grams were obtained. Similarly, the 
weight of magnesium sulphate could be determined by suit¬ 
able means : it would be found to be 120 grams. Propor¬ 
tionate weights of sulphuric acid would dissolve proportionate 
weights of magnesium, and 5 deld proportionate weights of 
hydrogen and magnesium svdphate. 

The same sort of t hin g is true of all chemical reactions 
—you will do experiments in the laboratory to convince 
yourselves that it is so. Substances, in fact, react with one 
another in perfectly definite weights, and it would be as 

' Or tuckshop. 
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fruitless to expect 98 grams of sulphuric acid to dissolve 
more than 24 grams of magnesium as to hope to get more 
than twelve pennies for one shilling. The laws of the Medes 
and Persians are not to be compared in rigidity to this law 
of chemistry. 

In order to express the fact that 24 grams of magnesium 
require just 98 grams of sulphuric acid to dissolve them, and 
that the products are 2 grams of hydrogen and 120 grams of 
magnesium sulphate, we say that 24 grams of magnesium are 
equivalent to 98 grams of sulphuric acid or to 2 grams of 
hydrogen or to 120 grams of magnesium sulphate. The 
given weights of all the above substances are, in fact, severally 
equivalent to one another. 

Now, in daily life, in order to have some standard by which 
to compare the values of different substances—m order, for 
example, to know how many pounds of potatoes are equivalent 
to one Rolls-Royce, or how many tons of coal are equivalent 
to an orchestra stall at Drury Lane, we have to adopt a certain 
unit in terms of which we can express the “ equivalents ” 
of all the various objects concerned. This unit is the pound 
^rhng (£). If we know that the equivalent of a Rolls- 
Royce on this system is £2,000, and that the equivalent of 
a pound of potatoes is £0 005, it follows that one Rolls-Royce 
18 equivalent to 400,000 pounds of potatoes. In the same 
way we can express the “ equivalents ” of any other objects 
m terms of the £. The convenience of such an arrangement 
18 obvious, and its merits are so great that we have adopted 
an analogous system in chemistry. 


Definition of E quivalent.—We take as our standard 
substance the lightest known element, hydrogen, and define 
the equivalent of any other substance as iluit number of 
units of weight of it which ym react either directly or indirectly 
untk one of the same units of weight of hydrogen. On this 
system the equivalent of sulphuric acid is 49, since when 
hydrogen is bberated from sulphuric acid, 49 grams of the 

fof ton^T fl M hydrogen ; or when 49 ounces 

(or tons) of the acid are used, they yield 1 ounce (or ton as 

the case may be) of hydrogen, and so on. ' 
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Note that the equivalent of a substance is a number only ; 
it is incorrect to say that the equivalent of sulphuric acid 
is 49 grams — it is not 49 grams but just 49. When we say 
that the equivalent of sulphuric acid, then, is 49, we mean 
that 49 grams, grains, ounces, pounds or tons of it will re¬ 
act with evolution of 1 gram, grain, ounce, pound or ton 
respectively of hydrogen. Similarly, the equivalent of oxygen 
is the mimbcr of units of weight of it which will combine 
with one of the same units of weight of hydrogen. Thus, 
although the unit of weight commonly used in chemistry is 
the gram, the equivalent of a substance is a number onlv. 
When we mean a definite weight of the substance, wo talk 
about its < 7 raw-equivalent, i.e. its equivalent expressed in 
grams. Thus, the equivalent of potassium is 39, but its 
gram-equivalent is 39 grams. We can also u.se ton- or ounce- 
equivalents if we like, but this is not often necossary, as we 
usually work in grams. Once again, therefore, remember 
that 

Equivalest = a Number only. 

Qrau-Equivalent = a Weight— viz. the equivalent expressed 

in grams. 


Methods of Determining Equivalents. 

(i) Some elements, such as oxygen and chlorine, combine 
directly with hydrogen. The equivalents of these elements 
may therefore be determined by taking a known weight of 
the element, converting it into its compound with hydrogen, 
and finding the weight of the compound. From the figures 
so obtained the equivalent can be calculated. 


Exampi-e.—9-85 grams oj an element A were made to combine with 
hydrogen. The y.'eight of the compound ao formed was 11-08 ara,«-> 
What is the equivalent of A ? 


If 9-85 grams of A yield 11 -08 grams of its compound with hydrogen 
then 9 85 grams of A have combined with 11-08— 9-85 grams of 
hydrogen = 1*23 grams. 

Now the equivalent of A will bo the number of grams of it which 
eombmo with 1 gram of hydrogen. 
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A since 1*23 grams of hydrogon combine with 0*85 grams of A» 

, , . 9 85 X I 

1 gram combines 


1-23 


»» 




= 8 grams. 

^ 8 grams is therefore the ^am-equivalont of A, and the equivalent 
A is 8. 

) Alternatively, this method could be employed in the reverse 
direction, that is, a known weight of the compound of A 
with hydrogen could be taken and treated in such a way 
that the hydrogen was removed and the element A left. 
If the residual weight of A were found, we should have all 
the necessary figures, and could work out the equivalent in 
the way shown above. 

(ii) Some elements again—such as zinc and magnesium— 
will dissolve in a dilute jicid, liberating hydrogen in the 
process. Here, we could determine the equivalent of the 
element by taking a known weight of it, dissolving it in a 
dilute acid, and finding the weight of hydrogen liberated. 
From our results we could work out the number of grams of 
the element required to liberate 1 gram of hydrogen and hence 
get the equivalent. 


ExampIiE.—0-304 grama of a metal were diaaolved in dilute aulphuric 
acid. Thi'weight of the hydrogen liberated waa found to be 0-008 grama. 
What ia the equivalent of the metal t 

0-008 grams of hydrogon were liberated by 0-304 grams of the metal. 


1 gram 


ff 




would bo 




by 


0-304 X 1 
0-008 








38 grams. 

The {^ram-equivalont of the metal is therefore 38 grams, and its 
equivalent 38. 


It is, of course, much easier to measure the volume of the 
hydrogen which comes off than its weight, but since we know 
that 1 litre of hydrogen at N.T.P. weighs 0-09 grams, wa 
can easily calculate the weight of any volume of hydrogen 
if we know its temperature and pressure. 

E xam ple. —0-57 grama of a metal yielded 105 c.c. of hydrogen, meas¬ 
ured at 15® C. 740 mm. pressure. What ia the equivalent of the metal ? 

105 c.c. at 15® C. 740 mm. become at N.T.P. 

288 X 760 

= 96-0 c.c. 


C 
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1,000 c.c. of hydrogen at N.T.P. weigh 0 00 grams. 

0 09 X 96-9 


*• 


Since 


909 
0-09 X 90-9 


• « 


»» 


• t 


hooo 


grams, 


1,000 


grams of hydrogen are liberated by 0-57 grams of 

metab 


1 gram of hydrogen would bo liberated by ^ bOOO 


0 09 X 90-9 




= 65-4 grams. 


The ffram-equivalent of tlie metal is therefore 65-4 grams, and its 
equivalent 65-4. 

(iii) Many elements, however, will neither combine directly 
with hydrogen nor liberate it from a dilute acid. In these 
cases we attack the problem by an indirect method. Oxygen 
will combine with hydrogen, and we can therefore measure 
its equivalent directly. Experiments have shown that 8 
grams of oxygen will combine with 1 gram of hydrogen ; 
therefore the equivalent of oxygen is 8. Now, although it 
may be impossible to get an element to combine with hydrogen 
or to liberate hydrogen from a dilute acid, it is almost always 
possible to make it combine with oxygen, and the number 
of grams of it which will combine with 8 grams of oxygen 
is taken as its equivalent, since 8 grams of oxygen combine 
with 1 of hydrogen. In short, we assume that the weights 
of two substances which are separately equivalent to a constant 
weight of a third are also equivalent to one another. Is this 
assumption justifiable ? Well, we can test its validity in 
some instances. For example, 12 grams of carbon are com¬ 
bined with 32 grams of oxygen in carbon dioxide. We 

12 

therefore assume that the equivalent of carbon is — 

(i.e. 3), since the equivalent of oxygen is 8. Now we can 
also get carbon to form a compound with hydrogen, and by 
analysis of this substance we can calculate the equivalent 
of carbon directly. By this method it is found to be S'—the 
same value as we obtained before. Hence our assumption 
was justified in this instance, and it has been justified in 
many other cases as well. It has never been known to fail, 
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in fact, 80 that even in those cases where we cannot test it 
we may feel confident that it still holds good. 

Examp£«es.—( i) 0-374 grams of a metal yielded 0*446 grams of its 
oxide. Whatsis the equivalent of the metal f Equivalent of oxygen « 8. 

0*446 grams ot the oxide contain 0*374 grams of the metal. 

Hence the weight of oxygen they contain is 0*446 — 0*374 ^ 
0*072 grams. 

If 0-072 grams of oxygen combine with 0*374 grams of metal, 

0*374 X 8 




^ 41*6 grams. 

The equivalent of the metal is therefore 41*6. 

(ii) 0*256 <7rams of an element combined with 0-183 grarixs of chlorine* 
What is the equivalent of the element f Equivalent of chlorine = 35'5* 
If 0*183 grams of chlorine combined with 0-256 grams of the element, 


35*5 




„ would combine with 


0-286 X 35-5 
0-183 






* s 49*6 grams. 

The equivalent of the element is therefore 49*6. 


Equivalents of Compounds.—^The idea of equivalents 
is not confined to elements ; compounds, too, may cause 
hydrogen to \take part indirectly or directly in .a chemical 
change, and hence their equivalents may be determined. 
Like that of an element, the equivalent of a compound is the 
number of units of weight of it which will react either directly 
or indirectly with one of the same units of weight of hydrogen. 

The equivalent of a compound is determined by making 
use of some convenient reaction in which the compound 
ta^kes part. Thus, the equivalent of sulphuric acid is the 
number of grams of it which will yield 1 gram of hydro¬ 
gen, e.g. on treatment with zinc. If the equivalent of 
sulphuric acid be known, then the number of grams of 
caustic soda which the equivalent in grams of sulphuric acid 
will neutralize is the equivalent of caustic soda. By con¬ 
tinuing this process, the equivalent of any compound may 
be discovered. It follows that, if two substances react to¬ 
gether, they will do so in the proportion by weight of their 
equivalents, since their equivalents have been determined 
in this way. This property is made use of in volumetric 
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analysis, experiments on which you will carry out in the 
laboratory. A normal solution of a substance, for instance, 
is one which contains the gram-equivalent of the substance 
in a litre of solution. Hence, equal volumes of all normal 
solutions are exactly equivalent to one another, and the same; 

applies to equal volumes of all deci-normal f tenth- 

normal) solutions, and so on. Thus, 10 c.c. of N-hydro- 
chloric acid will neutralize exactly 10 c.c. of N-caustic soda 


or N-caustic potash, or 100 c.c. of caustic soda or potash ; 


and 25 c.c. of or half-normal sodium carbonate, will neu- 


N N 

tralize exactly 25 c.c. of ^ sulphuric acid or ^ nitric acid or 


N N 

^ oxalic acid or hydrochloric acid, and so on. 

The equivalent of sulphuric acid is 49 ; therefore 1 litre 
of N-sulphuric acid contains 49 grams of the acid, while 


N 49 

1 litre of .Tjr sulphuric acid contains or 4-9 grams of the 


acid. Similarly, 1 litre of N-caustic soda solution contains 
40 grams of caustic soda, since the equivalent of caustic 
soda is 40. You will realize in the laboratory how much 
time, labour and thought are saved by using this idea of 
“ normality.” If you share the common human weakness 
for doing things with the minimum amoimt of labour, you 
will find that the time is very well spent in which you make 
yourselves familiar with the principles of normal solutions. 
For one thing, you will be saved endless calculation, and 
(unless you have a passion for logarithms) you will probably 
think this is very much to be desired. 

The equivalents of some common substances are given 
below. The formul£e in the second column you will under¬ 
stand after you have read Chapter IX. Neglect them when 
you are reading the chapter for the first time. 
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Substance. 

formula. ' 

Equivalent. 

Sulphuric acid. 

. HsSO. 

49 

Hydrochloric acid , . . , 

. HCl 

36*5 

Nitric acid. 

. HNOj 

63 

Oscalic acid crystals 

. H,C804.2H,0 

63 

Oxalic acid anhydrous . 

. H,CjO* 

45 

Sodium hydroxide .... 

. NaOH 

40 

Potassium hydroxide 

. KOH 

56 

Sodium carbonate anhydrous . 

. NajCOj 

53 

Potassium permanganate 

KilnO* 

31-6 

Potassium dichromate . 

. KjCtjO, 

49 

Silver nitrate. 

- AgNO, 

170 

Iodine. 

. I 

127 

Ferrous ammonium sulphate . 

. (NH 4 )*S 04 .FeS 0 

4 . 6 H 4 O 392 

Sodium thiosulphate 

. NagSjOs.SH.O 

248 

Ammonia ...... 

• NH 3 

17 


It is often possible to find tbe equivalent of a compound 
from inspection of its formula (Chapter IX), but you must 
V be careful not to suppose that the equivalent of a compound 
is always the sum of the equivalents of its constituent ele¬ 
ments. It often is, but often is not. 

It should be noted that occasionaUy a substance may have 
more than one equivalent, according to the reaction in which 
it takes part or to the compound in which it is found. The 
different equivalents of a particular substance are, how¬ 
ever, always simply related to one another numerically. 
Thus the equivalent of copper in black copper oxide is 31-8, 
^ while in brown copper oxide it is 63-6, the ratio of the two 
03 0 

being gj g or 2 ; 1. The explanation of this phenomenon 

in the case of elements is that an element may have more 
than one valency (see Chapter VUI); in the case of a com¬ 
pound the existence of more than one equivalent is due 
to the fact thatr the compound may behave in different ways 
in different reactions. To take a definite example, let ui 
^ consider the case of potassium chloride. This is a compound 
of chlorine and potassium. By analysis we can find the per¬ 
centage by weight of chlorine it contains, and thus calculate 
what number of grams of it contains the gram-equivalent 
of chlorine (35-6) ; this will be the equivalent of potassium 
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chloride, and is found to be 74-5. Now potassium chloride 
is formed, together with oxygen, when potassium chlorate is 
heated {p. 172), and we find that for every 48 grams of oxygen 
liberated, 74-5 grams of potassium chloride are left. Hence 
in this case the gram-equivalent of potassium chloride {viz. 
that weight of it which has reacted with 8 grams of oxygen) 
74*5 

is-— = 12-4 grams, its equivalent here is 12-4. Instating 


the equivalent of a compound, therefore, we ought to 
specify the particular reaction concerned in order to be 
strictly accurate. However, in most cases no difficulty arises, 
and by the time you meet with compounds which have more 
than one equivalent you will be so expert at chemistry that 
they will give you no sleepless nights. 


Details of Methods of Finding Equivalents of Elements. 

Since you will carry out many determinations of equivalents 
in the laboratory, the experimental details of the methods 
employed will not be given here in full. 

Equivalents of Metallic Elements.—-The chief methods 
available for the purpose are the following:— 

(i) If the metal is soluble in a dilute acid (or in a solution 
of an alkali) with liberation of hydrogen, take a known weight 
of it, dissolve it in a suitable dilute acid (or alkaline solution) 
and find the weight of hydrogen evolved. 

(ii) If the metal is not soluble in a dilute acid, convert a 
weighed quantity of it into its oxide, and find the weight of 
oxygen taken up (== increase in weight). Then calculate the 
number of grams of it which would combine with 8 grams 
of oxygen. 

(iii) If neither of the above methods is suitable, convert 
a weighed quantity of the metal into its chloride. Weigh 
this and calculate the number of grams of the metal which 
would combine with 35-5 grams of chlorine, since 35*5 is the ' 
equivalent of chlorine (Example on p. 59). Methods ii. and 
iii. may also be used in the reverse tvay, that is, reduction of 
the oxide or chloride to the metal. 
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(iv) The equivalent of a metal may often be conveniently 
found by displacement of it from a solution of one of its salts 
by means of a weighed quantity of another metgl of known 
equivalent. Then the equivalent of the first metal is the 
number of grams of it displaced by the gram-equivalent of 
the second. 

(v) By .electrolysis. It was shown by Faraday that in 
electrolysis the weights of substances liberated at the elec¬ 
trodes are in the ratio of their equivalents. By measuring, 
therefore, the weight of a metal deposited in an elec¬ 
trolytic cell and the weight of hydrogen liberated by the 
same quantity of electricity, the equivalent of the metal may 
be found. In this connection, see Chapter X, on Electrolysis 

(p. 126). 

Examples of some of the above Methods. 

(i) The first method is suitable for finding the equivalents 
of magnesium, zinc, iron and aluminium, using dilute hydro¬ 
chloric or sulphuric acid for the first three elements, and hot 
hydrochloric acid for aluminium, which will not dissolve in 
dilute sulphuric acid or in cold hydrochloric acid. 

Magnesium .—Use the apparatus shown in Fig. 19. 

First see that the appar¬ 
atus is air-tight. Remove 
the bottle A, open the clip 
E, and fill the s 3 rphon- 
tube F by blowing 
through C. Close the clip 
and replace A. Open the 
clip. If the apparatus is 
air-tight a little water will 
run into G, but the flow will stop in a few seconds. If the 
apparatus leaks, however, the water will continue to flow 
into G ; in this case examine all the corks and glass tub¬ 
ing, and if necessary replace them. When you have made 
the apparatus air-tight close the clip E and remove the 
bottle A. 

Weigh out accurately about 30 cm. of clean magnesium 
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ribbon and place it in A. Cover it with a layer of water. 
Then put into A a small test-tube, B, filled with concentrated 
hydrochlbric" acid, and fix A on to C. Now open the clip 
and note the level of the water in G ; it should not be more 
than 10-20 c.c. if the cylinder is less than 300 c.c. in capacity. 
Tilt the bottle A and allow the acid in B to flow out. The ' 
hydrogen which is evolved displaces its own volume of water 
into the gi-aduated cylinder G. After the action is over let 
the apparatus stand, with the clip still open, until the level of 
the water in G no longer changes. Close the clip, take the 
tube F out of G, and read the volume of the water in the 
cylinder. Subtract the volume of the water originally present; 
the difference is the volume of the water displaced by the 
hydrogen, and therefore of the hydrogen itself. 

Take the temperature of the water, look up in the tables 
the pre.ssure of water-vapour at that temperature, read the 
barometer, correct the volume of the hydrogen to N.T.P., , 
and work out the equivalent of magnesium as shown below. 

Let X 'be the volume of the hydrogen evolved, t.e. the 
volume of the water driven over into the cylinder. Suppose 
that the temperature of the water is t°, and the height of 
the barometer m millimetres. Then since the hydrogen has 
been collected over water the pressure on it will be m minus 
the pressure of aqueous vapour at t°. Look this up in the 
tables (p. 457). Suppose it to be p mm. Then the actual 
pressure on the hydrogen will be m — p. 

X c.c. at t° C. and m — p mm. pressure will become 

X 

X X {m — p) X 273 X ivT m T. 

“760 X (273 -1- t) N.T.P. = n c.c. 


Now the weight of this volume of hydrogen = 


n X 0‘09 
1,000 


grams. 


Suppose that the weight of magnesium taken = w grams. 

mi. • ” X <^ 09 ^ , 

Ihen, smce ^ — grams of hydrogen are given by w grams 

of magnesium, 1 gram of hydrogen would be given by 
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w X 1,000 . 

n X 0'09 i® gram-equivalent of mag¬ 

nesium. 

The same apparatus may be employed for zinc and iron, 
though in the case of the latter the action is slow. 

Aluminium .—Aluminium does not readily dissolve in dilute 
hydrochloric acid in the cold, although it does so on heating. 
A modified form of apparatus is therefore used ; this is 
shown in Fig. 20. 

A round-bottomed flask of about 300 c.c. capacity is fitted 
with a cork carrying a delivery-tube D and a piece of glass 
tubing connected to a funnel C by means of a piece of rubber- 



tubing. The latter can be closed by means of a clip. The 
delivery-tube D le^ to a graduated tube B. (of at least 
100 c.c. capacity) inverted in a pneumatic trough. About 
0-05 grama of aluminium foil (not more) is weighed accur¬ 
ately and then placed in the flask A. The whole of the 
apparatus—^fuimel, flask and delivery-tube—is then filled 
with water which has been freshly boiled (to drive out dis¬ 
solved air). The end of the delivery-tube in the cork must 
end flush with the lower srirface of the cork (Fig. 21), to 
prevent hydrogen from collecting under the latter. 

See that the clip is closed, and then run out the water from 
the funnel and fill the latter with concentrated hydrochloric 
acid. Open the clip and allow nearly all the hydrochloric 
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acid to run into the flask ; do not let it all in or you may admit 
some air as well. Now close the clip ajul heat the flask. Fill 
the graduated tube with water and invert it over the end of 
the delivery-tube. 

The aluminium dissolves in the hydrochloric acid and 
hydrogen is evolved, part of which passes over into the 
graduated tube. When the aluminium has completely dis¬ 
solved heat the flask until the water boils vigorously. The 
current of steam will drive over the rest of the hydrogen. 
After boiling for 5 minutes, remove the flame and open the 

Transfer the graduated tube to a deep trough of water, 
level, and read the volume of the hydrogen. Note the height 

of the barometer, take the temperature 
n of the water in the trough, and correct 

J y Q the volume of the hydrogen to N.T.P. 

1 p H in the usual way. Given that 1 litre of 

hydrogen at N.T.P. weighs 0*09 grams, 
you can calculate from your results 
», the equivalent of aluminium in the 

Fio. 21. V ‘same way as that described under mag¬ 
nesium. ^ 

(ii) The second method is useful in determining the equiva¬ 
lents of copper, tin and lead. These metals are not con¬ 
veniently converted into their oxides by direct action of 
oxygen upon them, but the oxides can easily be made in 
the following way. Nitric acid contains a great deal of 
oxygen (48 parts by weight out of every 63) and readily parts 
with it. When it acta upon a metal it sometimes converts 
it directly into the oxide {e.g. tin), and sometimes into 
the nitrate of the metal. Now many nitrates {e.g. those of 
tin and lead) split up on heating and give off gases, while a 
residue of the metallic oxide is left. Hence in finding the 
equivalents of copper, tin and lead, we act upon a known 
weight of the metal with nitric acid, heat until nothing but 
the metallic oxide is left, and then weigh again. The increase 
in weight is the weight of oxygen taken up by the weight of 
metal used, and hence we can calculate what weight of the 
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metal would combine with 8 grams of oxygen, and this will 
be the gram*equivalent of the metal. 

In finding the equivalent of copper, for instance, proceed 
in the following way. Take a clean dry test-tube and weigh 
it. Introduce about half a gram of copper foil and weigh 
again. The difference gives the weight of the copper. Now 
add concentrated nitric acid drop by drop. At first there 
is a vigorous reaction, but after a time the copper will have 
completely dissolved and further addition of acid will then 
cause no effect. When this is so, carefully heat the blue 
solution of copper nitrate until it is evaporated to dryness. 
Then heat more strongly until all the blue copper nitrate 
has been decomposed and converted into black copper oxide. 
Allow the test-tube to cool, and when it is cold weigh it again. 
Heat again, cool, and re-weigh, continuing this process until 
the weight is constant: in this way only can you be sure 
• that all the copper nitrate has been converted into the oxide. 
You now have the following weights : 

(ii) Weight of test-tube + copper = grams. 

(1) » .. .. = grams. 

(iii) Weight of copper = grams (say x grams). 


(iv) Weight of test-tube + copper oxide, 

when constant = grams. 

(i) »> »» ,» = grams. 

■ ^ 

(v) Weight of copper oxide = grams(say7/gms.). 


The equivalent of oxygen is 8. 
y —* grams of oxygen have combined with x grams of copper. 


would combine with 


y — X 


and this is the gram-equivalent of copper. 

Reversal of Method ii .—In the meth(^ just described we 
determined the equivalent of copper by a building-up or 
synthesis of its oxide. We could, however, start with the 
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oxide and convert it into the metal, i.e. we could analyst 
the oxide. It is clear that we should get exactly the same 
sort of figures, namely, weight of oxide and weight of metal, 
and hence could calculate the equivalent in the same way. 

Conversion of the oxide of a metal into the metal itself 


is called reduction. It can often be brought about by 
simply heating the oxide in a stream of hydrogen, when the 
oxygen of the oxide combines with the hydrogen to form 
steam and the metal is left. The equivalents of copper, lead, 
nickel and many other metals may be found in this way. 

Example .—Equivaltni of copper by reduction of its oxide. 
Take a clean porcelain boat, heat it in the Bunsen flame, 
and allow it to cool in a desiccator. Put into it about 0*5 



Fio. 22.—Equivalent of Copper by reduction of its Oxide. 

grams of pure black copper oxide, heat it gently to drive ofl 
moisture from the oxide, allow it to cool in a desiccator, and 
re-weigh. ^ The diflerence is the weight of copper oxide. 

Place the l)pat and contents in a piece of hard-glass tubing 
arranged as in Fig. 22, heat, and pass a stream of hydrogen 
through the tube. Light the excess of hydrogen which issues 
from the other end of the tube so as to get some idea of the 
rate at which it is passing through the apparatus. 

The copper oxide is gradually reduced by the^ydrogen, 
and the progress of the reduction can be followed by observ¬ 
ing the change in colour of the substance in the boat, from 
the black of copper oxide to the reddish brown of copper. 
When you think the reduction is complete allow to cool in 
the current of hydrogen, and remove the boat when it is cold. 
Weigh. Replace in the tube and heat in hydrogen for another 
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6 minutes. Cool and re-weigh. Repeat until the weight is 
constant. 

The loss in weight of the boat and contents is the weiglit 
of oxygen contained in the copper oxide taken. The difference 
between the weight of the boat copper and that of the boat 
alone gives the weight of the copper. From your results 
you can calculate the equivalent of copper in the usual way. 

(iii) The third method is useful in finding the equivalent of 
silver. 

Silver will not displace hydrogen from a dilute acid, and 
its oxide is unstable. Its equivalent is therefore determined 
by converting it into its chloride, which is quite stable and 
easy to prepare. 

Weigh accurately about 0*4 grams of silver and dissolve 
it in dilute nitric acid in a beaker. Add an excess of hydro¬ 
chloric acid to the solution of silver nitrate so obtained. 
The white curdy precipitate which is formed is silver chloride — 
Silver nitrate 4- hydrochloric acid 

= silver cliloride + nitric acid. 
Dilute the solution considerably with water, tlien filter off 
the silver chloride, wash it well, and dry it and weigh it, 
The equivalent of chlorine is 35*5, and you have the fol¬ 
lowing weights : 

(i) Wt. of silver, say x grams. 

(ii) Wt. of silver chloride, say y grams. 

Wt. of chlorine which has combined with x grams of 

silver = y — x grams. 


11 y — X grams of chlorine have combined with * grams of silver, 


35-5 


$9 


would combine with 


Z55x 
y — X 


ft 


ft 


and this is the gram-equivalent of silver. 

(iv) The method of displacement is not often used in actual 
practice, but it is interesting as a laboratory experiment. 
When iron is put into copper sulphate solution, copper is 
deposited and iron goes into solution as iron sulphate— 
Copper sulphate + iron = iron sulphate -j- copper . 
You can easily test this by dipping the blade of your 



70 


AN ELEMENTARY CHEMISTRY 


pocket-knife into copper sulphate solution ; you will find that 
it becomes coated with copper. This is one of the reactions 
which led ancient chemists to believe that metals could be 
transmuted or changed into one another ; they thought that 
here the iron was actually changed into copper, as they did 
not realize that the copper was originally present in the blue 
solution. 

Now, when iron replaces copper in this way, the equivalent 
of iron will precipitate the equivalent of copper. Hence, if 
we find the weight of iron which dissolves and that of the 
copper which is deposited, we can calculate the equivalent 
of copper if we know that of iron (28). 

Example.— Equivalent of silver by displacement with zinc. 
When zinc is added to silver nitrate solution, silver is 
deposited and zinc nitrate is left in solution. The equivalent 
of zinc is 32-5. Weigh accurately about 0-3 grams of thin 
zinc foil, put it into a beaker, and add excess of silver nitrate 
solution. Allow to stand until all the zinc has dissolved. 
Filter off the grey precipitate of metallic silver, wash, dry 
and weigh. You then have the following weights ; 

i. Wt. of zinc, say x grams. 

ii. „ silver, say y „ 

If X grams of zinc displace y grams of silver, 

then 32*5 „ „ would displace of gUver, 

and this is the gram-equivalent of silver. 

(v) Electrolytic Method. —Like method (iv), the electrolytic 
method is not much used in practice. It may be illustrated 
in the following way. 

Example. —Determination of equivalent of copper elec- 
trolytically. Fit up in series a water-voltameter and an 
electrol 5 rtic cell, with copper electrodes, containing copper 
sulphate solution (Fig. 23). (Cf. Chapter X, on Electrolysis.) 

Carefully clean and dry the copper cathode of the electrolytic 
cell, and then weigh it. Connect up, and pass the current until 
about 50 c.c. of hydrogen have collected in the graduated 
tube over the cathode in the voltameter. Then switch off 
the current, level the hydrogen and read its volume. Note 
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also the temperature of the water in the voltameter and read 
the height of the barometer. Take out the copper cathode 
from the electrolytic cell, wash it, dry it, and weigh it. You 
then have the following data : 

Height of barometer = A mm. 

Temperature = C. 

Volume of hydrogen = v c.c. 

Original wt. of copper cathode = w gras. 

Final „ „ „ =n gms. 

Wt. of copper deposited = n — w gms., say x gms. 

Now correct the volume of hydrogen to N.T.P. in the usual 



Fio. 23.—Electrolytic Method of finding Equivalent of Copper. 


way, not forgetting to subtract from the height of the baro¬ 
meter the pressure of aqueous vapour at t° C. 

Let the corrected volume of the hydrogen be y c.c. 

Since 1 litre of hydrogen at N.T.P. weighs 0-09 grams, 


y c.c. 

.-0 09 X y 


. , 0-09 X y 

M .> weighs ^ grams, 

grams of hydrogen are liberated in the same 


1,000 

time as x grams of copper, 

1 gram of hydrogen would be liberated in the same time 

a: X 1,000 - 

“ 0 09 X y copper, 

and this will be the'gram-equivalent of copper. 
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Equivalents of Non-Metallic Elements.—The deter¬ 
mination of the equivalents of non-metals, while equally 
simple in theory, is usually mors difficult in practice, since 
so many of the non-metaUic elements are gases, which need 
more skill in manipulation. 

(i) By direct combination of the element with hydrogen, 
when the equivalent may be calculated from the weight of 
the element taken and the weight of the product. 

(ii) By formation of the oxide or chloride. 

Details of the determination of the equivalents of various 
non-metallic elements will be found in the descriptive part 
of this book. 

The exact determination of equivalents is of great import¬ 
ance, since upon it depend the values of the atomic weights 
of the elements (Chapter VIII). 


i 


I 


i 

i 

Questions 

1. Define equivalent. W]\y is it incorrect to say that the equivalent 
of an element is so many grams ! 

2. What do you moan by the term gram-equivalet^t ? 

3. Givo an outlino of tho chief mothods used in dotormining equivs* • 
lents. 

4. Sow would you proceed to find the equivalent of (a) copperj 
{&) zinc, (c) silver ? 

5. How may the equivalents of the following elements be deter¬ 
mined—iron, magnosiuin, lead, tin ? 

6. Describe an experimental method of finding the eqxiivalent of 
elmniniuzn* 

N 

7. What is a normal solution 7 Wliat volume of ^ caustic sods 

N 

would be required to react with 105*7 o.c, of nitric acid t 

8# 10*9 c.c* of N-potassium hydroxide are found to neutralize a 

certain volume of bench dilute sulphuric acid. What volume of *§ 

caustic soda would neutralize the same volume of this acid 7 

9. 0*40 grams of magnesium when dissolved in hydrochloric acid I 
liberated 0 033 grams of hydrogen. What is the equivalent of mag¬ 
nesium 7 

10. 0*58 grams of a metal when dissolved in a dilute acid liberated 
0-021 «rams of hydrogen. Find the equivalent of the metal. 
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ll* The following data were obtained in an experimental deter¬ 
mination of the equivalent of a metal by solution in a dilute acid : 

Weight of metal taken — 0*35 grams- 

Weight of hydrogen evolved =» 0*0107 grams. 

Calculote the equivalent of the metal. 

12. 0‘250 grams of a metal when dissolvec^ in a dilute acid liberate 
46-8 c.c. of hydrogen (moosuxod dry at S.T.P.). Calculate the equiva¬ 
lent of the metal. (1 litre of hydrogen at S.T.P, weighs 0 09 grams.) 

13. 0 0746 grams of a metal, dissolved in dilute hydrochloric acid, 
gave 91*8 c.c. of hydrogen, measured dry at S.T.P. Calculate tlie 
equivalent of the metal. 

14. An experiment for the determination of the equivalent of a 
metal gave the follovrdng results : 


Weight of metal dissolved in dilute acid 
Volume of hydrogen liberated, collected over water at 
atmospheric pressure 
Temperature of the water 
Height of the barometer 
Find the equivalent of the metal. 


0*1232 grams. 

119*6 c.c. 

12* C. 

762*7 mm. 


16. A known weight of a metal was dissolved in caustic soda solu¬ 
tion, and the liberated hydrogen collected and measured. From the 
following data calculate the equivalent of the metal. 


Weight of metal = 0 0714 grams. 

Vol. of hydrogen over water at atmospheric pressure = 92*45 c.c. 
Temperature “ 15* C. 

Height of barometer ~ 774*1 mm. 


16. 0*654 grams of a metal on oxidation gave 0*814 grams of oxide. 
What is the equivalent of the metal ? 

17. 0*5883 grams of a metal on oxidation gave 0*7363 grams of the 
oxide. Find the equivalent of the metal. 

18. 1*629 grams of a metal on oxidation gave 1*651 grams of the 
oxide. Find the equivalent of the metal. 

19. 0*8433 grams of a metallic oxide were reduced in a current of 
hydrogen. The weight of meted produced was found to be 0*7384 
grams. ^Vhat is the equivalent of the metal T 

20. 0*8351 grams of a metallic oxide when reduced gave 0*7359 
grams of the metal. Find the equivalent of the metal. 

21. An experiment shows that.0*5260 grams/of zinc will displace 
0*5116 grams of copper from a solution of copper sulphate. Asstim- 
ing that the equivalent of zinc is 32*7, find that of copper. 

22. 0*4100 grams of copper displace 1*391 grams of silver from a 
solution of silver nitrate. What is the equivalent of silver, assuming 
that the equivalent of copper is 31-8 ? 

23. 0*7920 grams of iron were found to displace 0*9020 grains of 
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copper from a copper sulphate solution. Assuming that the equivalent 
of copper is 31-8, find that of iron. 

24. In determining tho equivalent of a metal it was found that 
100-0 parts by weight of tho metal combined with 34-27 parte by 
weight of chlorine. What was the equivalent of the metal, assuming 
that of chlorine to be 35-5 ? 

25. 0-4260 grams of silver were dissolved in nitric acid, and the 
silver then precipitated as chloride by hydrochloric acid. The weight 
of silver chloride formed was 0-.'5662 grams. What is the equivalent 
of silver if that of chlorine is 35-5 ? 

26. 1-820 grams of a liquid chloride of phosphorus were decom¬ 
posed by excess of water. Silver nitrate was added to the solution, 
and tho precipitated silver chloride was collected and weighed. This 
weight was found to be 5-691 grams. Assuming that the equivalents 
of silver and chlorine are 107-9 and 35-5 respectively, calculate the 
equivalent of phosphorus. 

27. An electric current is passed simultaneously through the fol¬ 
lowing solutions : acidulated water ; copper sulphate ; and silver 
potassium cyanide. The weight of hydrogen evolved from the acid 
solution is found to be 0-0132 grams; 0-421 grams of copper are 
deposited from tho copper sulphate solution, and 1-429 grams of 
silver from the silver solution. What are the equivalents of copper 
and silver from these data 7 


CHAPTER Vn 
THE ATOMIC THEORY 



In Chapter II it was mentioned that the ancient Greek 
philosophers made many speculations about the structure 
of the universe. One of them, Thales (about 600 b.c.), 
thought that all matter was composed of water, while accord¬ 
ing to Aristotle (384-322 b.c.), the four “ elements ” of 
which all other substances are composed are Fire, Air, Earth, 
and Water. Certain other thinkers, such as Democritu.s 
(fifth century b.c.) and the Roman Lucretius (about 98- 
65 B.C.), evolved what was known as an atomic theofy, which 
in short is this : that if we were to take a piece of gold, for 
instance, and cut it up into small parts, and then cut these 
into still smaller parts, and so on, we could not continue to 
do so for ever. After a time, they said, we should get down 
to particles so small that they could not be split up any 
further, even if we had eyesigfit keen enough and tools accur¬ 
ate enough for the purpose. These tiny particles, which 
they supposed to be eternal, invisible and indivisible, they 
called atoms {i.e. in Greek, something which cannot be cut 
up). AU matter, then, was considered to be composed of 
these extremely minute atoms. 

Now, this is more or less what we believe at the present 
day. However, we must not imagine that our modern atomic 
theory is directly due to the Greeks, for the chief point about 
the ancient theories is that they were too vague to be tested, 
and were not based upon any experimental evidence. Per¬ 
haps the ancient idea of atoms would have had a much better 
and greater influence upon chemistry if circumstances had 
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been different. Aristotle, however, strongly opposed it, 
and since practically all mediajval chemists firmly believed 
in everything that Aristotle said, the idea that matter is 
composed of atoms was very slow in gaining general accept¬ 
ance. Even if it had, it is difiicult to see what use chemists 
could have made of it until they had begun to realize that, ’ 
in chemistry, it is absolutely essential to carry out experi¬ 
ments quavtitativchj, that is, to weigh and measure the amounts 
of matter which undergo change. 

By the end of the eighteenth century, however, this quanti¬ 
tative aspect of chemistry had become general, so that wlien 
John Dalton (1760-1844) revived the atomic, theory he 
was able to think of ways of testing it in the laboratory. All 
the earlier theories, as wo have seen, were very vague, and 
were not put foi’ward in such a form that they could have 
been tested. Moreover, even if they had been, chemists 
had not acquired sufficient skill for the puqjose. Hence, 
although the idea of atoms is extremely ancient, chemists 
look upon Dalton as the true founder of the theory because 
he re-shaped it into such a form that it was capable of being 
tested experimentally. 

Dalton published liis views in his famous book A New 
System of Chemical Philosophy (Part I, 1808 ; Part II, 1810). 
You will see the title-page of Part H on page 81. He said: 
Let us suppose the following: 

1. Matter is composed of a great number of extremely 
minute particles, which cannot be split up any further. 
These we will call atoms. 

2. All the atoms of the same element are exactly alike, 
in weight and in every other respect, and are different from 
the atoms of other elements. 

3. Atoms are indestructible and cannot be created. 

4. In the formation of compounds, combination occurs 
between small whole numbers of the atoms of the elements 
concerned. 

5. All the “ compound atoms ” (molecules) of a compound 
are exactly alike. 

Nowadays, we reserve the name “ atoms ” for the xdtimate 
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particles of elements. It is clear that the smallest particle 
of a compound must contain at least two atoms, since a com¬ 
pound cannot consist of less than two elements, and there 
cannot be less than 1 atom of each of those elements in the 
tiniest particle of a compound. Hence, the smallest particle 
of a compound is still capable of division, for we can split 
it up into the atoms of its constituent elements. It is, there¬ 
fore, not strictly correct to call it an atom (“ indivisible ”) 
at all, so chemists call the tiniest particles of compounds by 
another name, viz. molecules {i.e. “little masses”). 

Another point which we may consider here is that, as a 
rule, the atoms even of elements do not go about singly. 
They like company, and generally join up together in pairs, 
or in groups of 3 or 4, or more, atoms. To the smallest 
particle of an element which, under ordinary circumstances, 
goes about by itself, we also apply the term molecule. 
There are some exceptional elements, such as helium and 
argon, whose atoms are very unsociable, and prefer to lead 
a solitary existence. In this case it is clear that the 
smallest possible particle of the element (“ atom ”) is also 
the smallest particle of the element which, under ordinary 
circumstances, goes about by itself (“ molecule ”) ; in 
other words, the atom and the molecule of these elements 
are identical. 

Let us .sum up what we have learnt about atoms and mole¬ 
cules, and put our ideas of them into definitions. 

Atom.—An atom is the smallest, chemically indivisible, 
particle of an element. 

Molecule.—A molecule is the smallest particle of an element 
or compound which can normally lead a separate existence. 

We can thus have atoms of elements only, but molecules of 
both elements and compounds. The smallest number of atoms 
that the molecule of a compound can contain is obviously 
two, since, as has been pointed out above, a compound must 
contain at least two elements, and the smallest number of 
atoms of each element that its molecule can contain is 1. 
There is no upper limit to the number of atoms the molecule 
of a substance may contain. Thus the starch molecule con- 
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tains at least 10,000 atoms, and that of* albumen (white of 
egg) probably a much larger number. 

Atomicity .—The atomicity of an element or compound is 
the number of atoms contained in its molecule. 

* 

ExAfilPLES : 


Substance. 

1 Element or' 
Com}ioumlJ 

Atomicity. 

1 

Composition of Molecule. 

Helium • • . . 

E 

1 1 

1 atom of helium 

Hydrogen .... 

E 1 

2 ' 

2 atoms of hydrogen 

Ozone . 

E 1 

3 

3 M „ oxygen 

Phosphorus vapour 

E 

4 

^ ff i9 phosphorus 

Sulphur M 

E 

6 

6 ,, ,, sulphur 

Water. 

1 

C 1 

1 


2 ,, „ hydrogen 

1 atom of oxygen 

2 atoms of hydrogen 

Sulphuric acid. • 

/ 

c 

1 

’ I: 

V 

1 atom of sulphxir 

4 atoms of oxygen 

1 


Molecules consisting of 1 atom are said to be mon-atomic. 

„ ,, 2 atoms ,, • „ dt-atomio. 

„ „ 3 atoms „ „ <ri-atomio. 

,, ,, more than 3 atoms „ „ poly-&tomio. 

Chemical Laws 

If the assumptions made by Dalton are true, we shall see 
on consideration that certain conclusions can be drawn from 
them which we ought to be able to test in the laboratory. 

(i) If all matter is composed of atoms, and atoms are indes* 
tructible and cannot be created, then matter itself can neither 
be created nor destroyed. In other words, in any chemical 
reaction whatsoever, the total weight of the substances 
started with ought to be exactly equal to the total weight 
of the substances formed. 

As we have seen already (p. 34), this expectation is borne 
out in practice. No chemist has ever been able to find a 
reaction in which the total weight of the original substances 
is different from the total weight of the products. 
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This fact we can sum up and express as a general state¬ 
ment or “ law,” the Law of the Conservation of Matter. 

Law of the Conservation of Matter .—Matter can neither 
be created nor destroyed. 

The word ” law ” here means something different from 
that which it means in such an expression as “ laws of the 
country.” Laws in science are not rules, made by scientists, 
which substances have to obey under penalty : they are des¬ 
criptions of the way in which substances do behave as a 
matter of fact. Since they are only descriptions, some of 
them are more accurate than others. When the description 
is very accurate, and describes the facts very well, we say 
that the “ law ” is “ obeyed ” strictly. Other facts are 
more difficult to describe with accuracy. In this case we 
say that the ” law ” is ‘‘ obeyed ” sometimes, or that it is 
a “ rough law.” The Law of the Conservation of Matter 
is an example of an extremely accurate description of the 
facts with which it deals. Not the slightest exception to it 
has ever been found. Dulong and Petit’s Law, however 
(p. 105), is only a very rough law, and exceptions to it are 
numerous. 

A scientiBc law is useful to us in this way. If we have 
always found it to be ‘‘ obeyed ” strictly in the past, we 
believe that it will probably hold in those cases which we 
have not actually tried. Thus, although no one can possibly 
tell that, to-morrow or next week or next year, the fact that 
no matter is created or destroyed in a chemical reaction wdll 
still continue to be true, we should be extremely surprised 
if it did not, and we act as though we were certain that it 
will. Besides being descriptions, then, scientific laws can 
be used as rules to help ua and guide us in our dealings with 
, Nature. 

With increasing knowledge, we are able to describe facts 
more and more accurately, and so our descriptions of these 
facts, that is,-our scientific laws or “laws of Nature,” are 
themselves becoming more accurate and more trustworthy. 

(ii) A second conclusion we can draw from Dalton’s assump¬ 
tions i^ that each and every specimen of the same compound 
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should have exactly the same composition, i.&. they should 
all consist of the same elements in a constant proportion by 
weight. This follows from assumption 5, that all the mole¬ 
cules of a particular compound are exactly alike, t.e. com¬ 
posed of the same numbers of the same atoms. 

We can easily test this conclusion in the laboratory. For 
example, we could take as many different specimens of 
common salt as we could manage to procure, purify them, 
and analyse them. This has actually been done by chemists, 
who have found that salt always consists of the two elements 
sodivm and chlorine, in the proportion by weight of 23 of 
sodium to 35-5 of chlorine. 

Similarly, analysis of water has shown that water invari¬ 
ably consists of hydrogen and oxygen, in the proportion by 
weight of 1 of hydrogen to 8 of oxj’gen. 

No exceptions to this kind of behaviour have ever been 
discovered, so we describe our results in a “ law ” :— 

The Law of Constant Composition (or Definite Pro¬ 
portions).— The same comfound always consists of the same 
elements in a constant proportion by weight. 

(iii) A third conclusion is this : that when two elements 
combine to form more than one compound, then the weights of 
one of those elements which combine with a constant weight of 
the other are in a simple ratio to one another. This also is 
borne out in practice, and is known as the Law of Multiple 
Proportions. It follows from assumption 4, viz. that 
when atoms combine to form a molecule they do so in small 
whole numbers. Suppose, for example, that the elements 
A and B unite together to form two different compounds. 
The simplest imaginable case will be when in one of the com¬ 
pounds 1 atom of A combines woth 1 atom of B, and in the 
other compound 1 atom of A combines with 2 atoms of B. 
Since, in one “ compound atom ” of each of the two com¬ 
pounds there is 1 atom of A, it follows, from Dalton’s assxunp- 
tion 2, that the weight of A is constant in these two “ com¬ 
pound atoms.’’ The weights of B, on the other hand, will 
be in the ratio of the number of atoms of B present in each 
“ compoxmd atom ” : in this case, 1 : 2. This is a simple 
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ratio, and if the mole¬ 
cules of compounds 
ai^lkilways composed 
of STnall numbers of 
atoms, the ratio always 
must be simple. It does 
not matter of which 
element we take the 
constant weight, nor 
what weight we take 
as the constant weight, 
as long as we find the 
ratio to one another of 
the weights of the other 
element which have 
, combined with this 
constant weight. Thus, 
suppose in the above 
instance we take the 
weights of A which 
have combined with a 
constant weight of B. 
Let 1 atom-weight of 
B be the constant 
weight of B. Then in 
the hrst compound we 
have 1 atom-weight of 
A combining with the 
given, constant, weight 
of B. In the second 
compound, 2 atom- 
weights of B combine 
with 1 atom-weight 
of A, therefore 1 
atom-weight of B (the 
constant ” weight, 
or “reference** 
weight) would com- 



6 

£ 
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bine wnth J an atom-weight of »A. Now the ratio of 1 atom- 
weight of A to ^ atom-weight of A is 2 : 1. 

Dalton himself tested this deduction by analysing ce^J^in 
compounds of carbon and hydrogen, and found that 
obtained the results he expected. In the laboratory we .can 
test it by analysing the two oxides of copper :— 

Take two clean dry porcelain boats and weigh them. Into 
one boat put some pure dry cupric oxide and into the other 
some pure dry cuprous oxide. Re-weigh. Now introduce 
the boats into a piece of hard-glass combustion tubing (Fig. 
24), and heat them in a stream of pure dry hydrogen. The 
oxides will be reduced to metallic copper, the oxygen in 
them combining with the hydrogen to form steam, which is 
swept away. 

When the reduction of the oxides to copper appears to be 
complete, allow the boats to cool, and then weigh them. 
Heat them in the stream of hydrogen again for 5 minutes, 
cool, and weigh again. Repeat this process until the weights 
are constant (in this way you can make certain that the 
reactions are complete). 

Example I.— Suppose that in a particular experiment we obtained 
the following results : 

A. (ii) Wt. of boat A -|- cupric oxide = 6*16 grams. 

{i) „ .. M = 3-52 grams. 

(iii) Wt. of cupric oxide « 1-64 grams. 

(iv) Wt. of boat A -f copper = 4-83 grams, 

(i) „ M = 3-52 grams. 

.*. (v) Wt. of copper « 1-31 grams. 

B. (ii) W’t. of boat B -|- cuprous oxide = 5-20 grams. 

(i) „ „ „ = 3-67 grams. 

(iii) Wt. of cuprous oxide « 1-53 grams. 


(iv) Wt. of boat B -|- copper 


= 5-03 grams. 
= 3-67 grams. 




.% (v) wt, of copper 


= 1*36 grazBA. 
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What W 0 have to do to soe if the Law is true (in this case* and within 
the limits ot the accuracy to which we aro working) is to calculate 
either (a) those weights of oxygen which have combined with a fixed 
weight of copper in the two oxides, or (6) those weights of copper, 
which have combined with a fixed weight of oxygen. It does not 
matter which we choose. Let us choose alternative (o). 

In the cupric oxide, we have found, that 1-64 — 1*31, t.e. 0 33, 
grams of oxygen have combined with 1-31 grams of copper. We 
must therefore calculate how many grams of oxygen have combined 
with 1*31 grams of copper in the cuprous oxide. 

Well, from our results, 

1*36 grams of copper in the cuprous oxide combined with 0*17 gms. 
of oxygon. 


/. 131 


py If ff 

» 0‘16 grams. 


017 X 1-31 
1-36 


If the law of Multiple Proportions is true, then 0*33 and 0*16 should 
be in a simple ratio to one another. We see that, allowing for inevitable 

0*33 

experimental error, they are ; the ratio QTjg is roughly equal to 2 : 1. 

Therefore the Law is true in this case. 

Example II.— Two oxides of nitrogen were found to have the 
following percentage composition by weight: 


Nitrogen. Oxygen. 

A. 03-7 36-3 

B. 23*9 74 1 


Are those figures in accordance with the Law of Multiple Propor¬ 
tions ? In oxide A, we have 36*3 grams of oxygon combined with 
63*7^of nitrogen. Let us take 83*7 grams of nitrogen as our fixed 
weight of one clement. We have then to find how many grams of 
oxygon would combine with 63*7 grams of nitrogen in oxide B. 

25*9 grams of nitrogen combine with 74*1 grams of oxygen. 


63-7 




74 1 X 63 7 
” 259 

= 182-2 grams. 




If the law of multiple proportions is true, then 36-3 and 182-2 should 
bo in a simple ratio to one another. Well, 36-3 X 5 = 181-5, which 
w very close to 182-2. Honce 36-3 ; 182-2 very nearly as 1 : 5, which 
is a simple ratio. Therefore the Law is true in this case. 

E xamp le III. —Phosphorus forms two chlorides. 15-00 grams of 
the first chloride were found to contain 11-62 grams of chlorine, 
while 12-00 grams of the second chloride contained 10-22 grams of 
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chlorine. Are these figures in agreement with the Law of Multiple 
Proportions ? 

Let ns tftko I gram of phosphorus as o\ir fixed weight of one element. 
In the First chloride, 

15*00 — 11*62 = 3*38 grams = wt. of phosphorus. 

If 3*38 grams phosphorus combine with 11*62 grams chlorine, 

then 1 gram combines „ 11*62 

~3T8 

= 3*44 grams chlorine. 

In the Second chloride, 

12*00 10*22 ^ 1*78 grams = wt. of phosphorus. 

If 1'78 grams phosphorus combine with 10*22 grams chlorine, 

then 1 gram ,, combines „ 10*22 

« 5-74 grams chlorine. 

But 3*44 and 5*74 are in the ratio of 3:5; therefore the law is true 
in this case. 


Qoestions 

1» Mention some Greek ideas about the structure of matter. 

2. What were Aristotle’s “ four elements ” ? Who was Aristotle, 
and when did ho live ? 

3. Why do chemists consider Dalton to be the founder of the Atomic 
Theory ? 

4. What are the main points of Dalton’s Atomic Theory f 

5. Explain and define the terms tUom and molecule^ 

6. What do you mean by the atomicity of a molecule ? 

7* What is the meaning of the term law in Science ? Give examples 
to illustrate your answer. 

8. State the Law of the Conservation of Matter, and describe an 
experiment to illustrate its truth. 

9. State the Law of Multiple Proportions, and describe an experi¬ 
ment to illustrate its truth. 

10. How would you attempt to show that the Law of Constant 
Composition is true in a particular instance ? 

11. Three oxides of nitrogen have the following compositions by 
weight: 

(i) Nitrogen, 63*64 per cent, Oxygen, 36*36 per cent. 

(U) Nitrogen, 46*67 per cent. Oxygen, 53*33 per cent. 

(iii) Nitrogen, 30*43 per cent. Oxygen, 69*57 per cent. 

Show that these figures serve to illustrate the Law of Multiple 
Proportions. 
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12. The following compositioiis by weight were shown by the two 
ohloridee of iron : 

(i) Iron, 44*1 per cent. Chlorine, 55*9 per cent* 

(ii) Iron, 34*46 per cent. Chlorine, 65*54 per cent. 

Illustrate from these data the Law of Multiple Proportiona. 

* 13. Two oxides of sulphur have the following composition by 

weight: 

(i) Sulphur, 60*0 per cent* Oxygen, 50*0 per cent. 

(ii) Sulphur, 40*0 per cent. Oxygen, 60 0 per cent. 

Show how this illustrates the Law of Multiple Proportions. 

14. Water and hydrogen peroxide have the following composition 
by weight: 

(i) Water: Hydrogen, 11*11 per cent* Oxygen, 88*89 per cent* 

(ii) Hydrogen peroxide: Hydrogen, 5*88 per cent* Oxygen, 94*12 

per cent* 

Do these data support the Law of Multiple Proportions i 
16* Two manganese salts of potassium have the following composition 
by weight; 

(i) Potassium, 39*6 per cent. MnO^, 60*4 per cent. 

^ (ii) Potassium, 24*7 per cent* Mn 04 , 76*3 per cent. 

Show how these figures illustrate the Law of Multiple Proportions* 
16* Two oxides of carbon have the following composition by weight; 

(i) Carbon, 28*44 per cent* Oxygen, 71*56 per cent* 

(ii) Carbon, 44*28 per cent. Oxygen, 65*72 per cent* 

Hlustrate the Law of Multiple Proportions from these data. 

17. A* metal forms two oxides. 1*000 gram of one oxide on reduc¬ 
tion in a current of hydrogen 3 rielded 0*799 grams of metal. 1*000 
gram of the second oxide, on simitar treatment, yielded 0*888 grama 
of metal. 

Calculate the equivalent of the metal in each case, and show that 
the results are in agreement with the Law of Multiple Proportions. 
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MOLECULAR AND ATOMIC WEIGHTS 

We have seen in the last chapter that the conclusions 
drawn from Dalton’s Atomic Theory are found to be true 
in practice. This is strong evidence that atoms and mole¬ 
cules really do exist. Recent work by Sm J. J. Thomso:j, 
Lobd Rutherford and others has put the matter beyond 
doubt, and we can now measure the actual size of these ; 
minute paTticles. They are extraordinarily small—so small 
that we shall never be able to see them, even with a micro¬ 
scope—but by charging them with electricity we can follow 
their movements almost as well as if they were large enough 
to be seen b}' the naked eye. To get some idea of how small 
atoms are, imagine a glass globe about the size of an electric 
light bulb completely evacuated of all matter. Then suppose 
a tiny hole were made, big enough to allow 10,000,000 atoms 
to pass through into the globe every second. How long 
do you think it would take for the globe to fill? Your”^ 
guess will probably be very wide of the mark, for the true 
answer is 100,000 years ! A single atom of hydrogen weighs 
about 0 00000000000000000000000167 grams. 

Small as these atoms are, they are not simple bodies, but 
consist of even smaller particles of negative electricity revolv¬ 
ing around a central positively-charged nucleus, rather like 
planets revolving around a sun. Still, in chemistry we regard 
them as indivisible wholes, and indeed they behave as such r 
in ordinary chemical reactions. 

Since atoms and molecules are so extraordinarily minute, 
to know their actual weight is not very useful, although it 
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is, of course, interesting. It is far more important for us to 
know how many times one kind of atom or molecule is heavier 
than another ; that is, we want to know their relative weights. 
In order that these relative weights shall all be greater than 
VI, we choose as our standard the weiglit of the lightest known 
atom, namely, that of hydrogen, and take that as our unit. 
We then find how many times a given atom or molecule is 
heavier than the atom of hydrogen, and call the number so 
obtained the atomic weight of the element, or the molecular 
weight of the substance concerned. 

Definitions : 

« 

Atomic Weight .—The atomic weight of an element is a 
number, representing the number of tiines its atom is heavier 
than the atom of hydrogen. 

Molecular Weight .—The molecular weight of an element 
ior compound is a number, representing the number of times its 
molecule is heavier than the ATOM of hydrogen. 

Note carefully that (like equivalents) atomic and mole¬ 
cular weights are numbers or ratios merely, and tell us nothing 
of the actual weight in grams of tlie atom or molecule. All 
the information they give us is, that if the hydrogen atom 
weighs X grams, then the atom of oxygen for example (Atomic 
Weight 16), weighs 16x grams, and the molecule of marble 
(Molecular Weight 100) weighs lOOx grams and so on. This 
^conception is very useful in practice, for if we know the rela¬ 
tive numbers of atoms or molecules taking part in a reaction, 
and also know their atomic or molecular weights, we shall 
know also the relative weights in grams (or in any other units) 
of the substances concerned. Thus, suppose we knew that 
one molecule of caustic potash is neutralized by one molecule 
of hydrochloric acid, and that the molecular weight of caustic 
potash is 56 while that of hydrochloric acid is 36-5 ; we could 
then say that when caustic potash and hydrochloric acid 
react they do so in the proportions by weight of 56 to .30-5 
m any units wc cared to choose, probably grams, but equally 
truly in pounds or ounces. 

In 1811, Amedeo Avogadro, Professor of Physics at Turin 
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University (see frontispiece), was struck by some remarkable 
results on the combination of gases obtained by the French 
chemist, Gay-Lussac. Gay-Lussao had found that when 
gases react together, their volumes are in a simple ratio to one 
another and to the volumes of the products if these are gaseous. 
This is known as Gay-Lussac's Law or the Law of Gaseous 
Volumes, and may be illustrated by the following examples : 

(i) 1 vol. of hy^ogen combines with 1 voL of chlorine to 
form 2 vols. of hydrogen chloride. 

(ii) 2 vols. of carbon monoxide combine with 1 vol. of 
oxygen to form 2 vols. of carbon dioxide. 

(iii) 2 vols. of hydrogen combine with 1 vol. of oxygen to 
form 2 vols. of steam. 

(iv) 1 vol. of nitrogen combines with 3 vols. of hydrogen 
to form 2 vols. of ammonia. 

Avogadro saw that these very significant results could 
easily be explained by making a simple hypothesis, which 
can be e.xpressed as follows. 


i 

i 

f 


l 


Avogadro’s Hypothesis. 

Equal volumes of all gases under the same conditions 
of temperature and pressure contain equal numbers of 
molecules. 

This famous hypothesis, \^ich was not finally accepted 
by,chemists until Avogadro’s coimtryman, Cannizzaro, ex¬ 
plained its great value very clearly in 1858 (two years aftet^ 
Avogadro’s death), is really the foundation-stone of modem 
chemistry. Practically all our theoretical views, if traced 
back to their ultimate basis, are found to rest on Avogadro’s 
Hypothesis. It is not possible for a beginner at chemistry 
to understand its importance fully, but he will be able to 
get some idea of its great value by observing how it renders 
possible the determination of molecular weights, as described 
in the following pages. 

(a) Vapour Density.—The density of a gaseous substance* 

very small, so 

chemists prefer to express the density of such substances in 
terms of the density of hydrogen taken as unity. This applies 


that is, its mass per unit volume, is always 
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not only to substances which are normally gaseous, but to 
the vapours of all substances which can be vaporized. Hence 
the Vapoub Density of a substance is the relative density 
of its vapour in terms of that of hydrogen as unity, or the 
^number of times a certain volume of its vapour is heavier than 
the same volume of hydrogen under the same conditions of tem¬ 
perature and pressure. 

We shall arrive at an important conclusion if we consider 
this definition in the light of Avogadro’s Hypothesis. We 
have, at constant temperature and pressure, 


Vapour Density = 


weight of a certain volume of vapour 


weight of the same volume of hydrogen 


, - . , weight of n molecules of the vapour 

■' ^ o. . . ~ Qf ^ molecules of hydrogen 

_weight of 1 molecule of the substance 

weight of 1 molecule of hydrogen ’ 


In other words, the number which expresses the vapour 
density of a substance is also the number of times the molecule 
of the substance is heavier than the molecule of hydrogen. 

If we combine this with the definition of molecular weight, 
we shall make another important step, for 


M.W. = 


weight of 1 molecule of the substance 


V.D. = 


weight of 1 atom of hydrogen 
weight of 1 molecule of the substance 
weight of 1 molecule of hydrogen 


and 


Therefore the molecular weight of a substance is as 
many times its vapour density as there are atoms in 
the molecule of hydrogen. 

Now we are beginning to see our way/to the determination 
of molecular weights, and can reali^ the importance of 
Avogadro’s Hypothesis. If only we can find how many 
■ atoms {“ X ”) there are in the molecule of hydrogen we shall 
be able to find the molecular weight of any gaseous or volatile 
substance simply by measuring how many times a certain 
volume of the gas or vapour is heavier than the same volume 
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of hydrogen under the same conditions of temperature and 
pressure, and then multiplying this number by “ 


(b) Atomicity of the Hydrogen Molecule.—It has been 
found by experiment that any definite volume of h^’drogetv 
will combine with an equal volume of chlorine to form twice 
that volume of hydrochloric acid gas, or 
1 volume of hydrogen combines with 1 volume of chlorine, 
forming 2 volumes of hydrochloric acid gas. 

Hence, by Avogadro’s H3q)othesis, 

1 molecule of hydrogen combines with 1 molecule of chlorine, 
forming 2 molecules of hydrochloric acid gas. 
Therefore, since all molecules of hydrochloric acid gas 
must be identical, each of them must contain half a molecule 
of hydrogen. But if the molecule of hj'drogen consisted of 
one atom, or of any odd number of atoms, it could not be 
divided into halves, for atoms are indivisible. Hence the 
molecule of hydrogen must contain at least 2 atoms. 

No facts have ever come to light which render it likely 
that the molecule of hydrogen contains more than 2 atoms, 
so we are justified in assuming that it is in reality di-aiomic, 
i.e. it consists of 2 atoms. 


/ 


\ 


We have already seen that the molecular weight of a sub¬ 
stance is equal to its vapour density multiplied by the number 
of atoms in the molecule of hydrogen. We have now found 
that the molecule of hydrogen contains 2 atoms. Hence 

The molecular weight of a substance is twice its 
vapour density. 

To find the molecular weight of a substance, therefore, all 
we have to do is to determine its vapour density and multiply 
by 2. You are now able to see one of the reasons why chemists 
set so much store by Avogadro’s Hypothesis. 


Methods of Determining Vapour,Density 

1. Gases.—In the case of a gas, we take a glass globe, 
evacuate it with an air-pump, weigh it, fill it wdth the gas 
and then weigh it again. We then evacuate it once more, 
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fill it with hydrogen at the same temperature and pressure, 
and re-weigh. Then 

■tj c _ globe + gas) — (wt. of globe) 

v.u. ot gas — 


(Wt. of globe 4- hj'drogcn) — (wt. of globe) 

Of course, to get accurate results certain precautions have 
to be taken, but in principle the 
method is very simple. 

2. Volatile Liquids (and Solids). 

—To determine the vapour density 
of a volatile substance we use a 
method invented by Victor Meyer. 

The apparatus (Fig. 25) consists of 
an inner tube A, the lower end of 
which is enlarged into a cylindrical 
bulb, while the upper end is enlarged 
/ to carry a rubber stopper H. To¬ 
wards the upper end of the tube A 
there is a side-neck B communicat¬ 
ing with a pneumatic trough C. 

The inner tube is surrounded by a 
wider outer tube or jacket G, at the 
bottom of which is a bulb F in 
which are placed 70-80 c.c. of a 
liquid whose boUing-point is at least 
_^30* higher than that of the liquid 
whose vapour density is required. 

The apparatus is set up as shown, 
except that the graduated tube D is 
not yet placed over the end of the 



Fio. 25.—Victor Moyor 
Vapour Density Ap- 
paratus. (Bottle on 
lar^^er scale.) 


side-neck. The liquid in F is boiled and the heating con- 
tinued until the temperature of the inner tube is constant, 
that is, when no more bubbles of air escape from the end of 
the side-neck, and no water is sucked back. When this is 
so, the graduated tube, filled with water, is placed in position 
(as is shown in the figure). 

Meanwhile a small bottle, of such a size that it slips easily 
down the tube A, is weighed empty and is then filled with 
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the liquid whose V.D. is required, and weighed again. Next, 
the cork is removed, the weighed bottle and contents dropped 
in, and the cork replaced—all as quickly as possible. The 
bottle falls to the bottom of the inner tube, where a little 
glass wool may be placed to break its fall. The liquid in the j 
little bottle now finds itself in a place which is at a tempera* 
ture some 30° higher than its boiling-point. It therefore 
vaporizes vzry rapidly and blows the stopper out of the bottle; 
and the vapour, advancing up the tube en masse, drives its 
own volume of air over into the graduated tube D. The gradu¬ 
ated tube is then transferred to a deep jar full of water, in 
which it is lowered until the levels of the water inside and 
outside the tube are the same, and the volume of the air read. 
This process of “ levelling ” is necessary in order to get the 
moist air in the tube at atmospheric pressure. 

The height of the barometer is then read, and the tempera¬ 
ture of the water in the pneumatic trough taken. This 
temperature will be the temperature of the moist air in the 
graduated tube, since the air has passed through the water. 
(Of course, if the volume of air is not read off at once, it would 
be more accurate to take the temperature of the air surround¬ 
ing the tube.) We now have the following data— 

Weight of bottle + liquid = x gms. 

Weight of bottle = y gms. 

Weight of liquid = x — y gms. 

Barometer = say 770 mm. Temperature = say 15° C. 

Volume of moist air after levelling = m c.c. 

1 litre of hydrogen at N.T.P. weighs 0 09 gms. 

From these data we can calculate the Vapour Density of 

the same gas-laws, therefore the' 
volume of air in the graduated tube is equal to the volume which 
X — y gms. of the substance in the stale of moist vapour would 
occupy if it could exist under the same conditions of temperature 
and pressure. The whole point of the method is the ingenious 
way in which the vapour of the liquid is made to drive ovot ' 
its own volume of air, which remains gaseous under conditions 
in which the vapour itself could not. One reason for having 
the temperature of the outer jacket so much higher than the 


the liquid. All gases obey 
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boiling-point of the liquid under experiment will now be 
clear : it is to ensure that the vapour of the liquid shall come 
off with a rush, and therefore drive the air over before diffu> 
sion of the vapour into the air can take place. IT diffusion 
T occurred, the gas driven through the side-neck would consist 
partly of air and partly of vapour, and as the latter would 
condense in the water of the trough, the experiment would 
be useless, since the volume of air collected would no longer 
be equal to the volume of vapour produced. The shape of 
the inner tube also helps to prevent diffusion. A second 
reason for the comparatively high temperature of the outer 
jacket is that, at temperatures only just above their con¬ 
densation-points, vapours do not accurately obey Boyle and 
Charles’s Laws. Hence if the temperature of the jacket were 
only just suflScient to vaporize the liquid, incorrect results 
would be obtained. 

/ The result is calculated as follows : 

Volume of moist air at 770 mm. 15® C. = m c.c. 

Vapour pressure of water at 15® C. = 12-7 mm. 

/. true pressure of the air = 770 — 12-7 mm. = 757-3 mm 
Temperature = 15° C. = 288® Absolute. 


Volume of air dry at N.T.P. = 


m X 757-3 X 273 


760 X 288 
= n c.c. 

n c.c. of the vapour at N.T.P. would weigh x — y gms. 
But n c.c. of hydrogen at N.T.P. weigh n X 0 00009 gms. 

Vapour density = — -^ - 

and the Molecular Weight of the substance wiU be twice this. 

For liquids which boil up to 70® C., water may be used in 
the outer jacket. For those with higher boiling-points smt- 
able substances to use in the outer jacket are aniline, B.P 
182®; nitrobenzene, B.P. 208® ; sulphur, B.P. 444®, etc. 

Alternative Method of finding Molecular Weights of 
Certain Liquids and Solids (Freezing-Point Method). 
—Every pure liquid has a perfectly deffnite freezing-point- 
pure water, for example, freezes at 0® C. If a substance is 
dissolved in a liquid, the freezing-point of the solution is 
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lower than that of the pure liquid. Salt water, for instance, 
freezes at a lower temperature than pure water. The diSor- 
ence between the freezing-point of a pure liquid and that 
of a solution formed by dissolving a substance in the liquid is 
called the depression of the freezing-point for that particular •. 
solution. 

When we dissolve a substance in a liquid, we call the latter 
the solvent, w’hile the substance dissolved is called the solute. 

It was found by Sm Chaeles Blaoden in 1788 that, using 
the same solute and the same solvent, the depression of the 
freezing-point caused by dissolving different weights of the 
solute in the solvent is directly proportional to the concentra¬ 
tion of the solution [Blagden’s Law]. 

For example, suppose that we have a solute S, and that the 
solvent is water. Suppose also that we find that the depression 
of the freezing-point produced in a 1 per cent, solution of S 
in water is 3®. Then w'e should find (o) that a 2 per cent. \ 
solution of S in water showed a depression of the freezing- 
point of 6®, (6) that a 3 per cent, solution showed a depres- 
sion of 9®, (c) that a 4 per cent, solution showed a depression 
of 12®, and so on. 

Bearing this in mind, let us turn to some work of Raoult 
(1883). If you look at the chapter on Electrolysis (p. 126), 
you will see that we can divide all substances into two classes, 

(а) those whose aqueous solutions conduct electricity, and 

(б) those whose aqueous solutions do not conduct electricity. ^ 
The former substances are called electrolytes and the latter 
non-electrolytes. All acids, bases and salts are electrolytes, 
while substances like sugar, alcohol, and glycerol (glycerine) 
are non-electrolytes. 

Now Raoult found that if he took the molecular weight 
in grams of any non-electrolyte and dissolved it in a fixed 
volume of water, he always got the same depression of the 
freezing-point, whatever non-electrolyte he used. 

To make Raoult’s discovery quite clear, let us consider the * 
following example : 

Suppose that in each of five beakers, i, ii, iii, iv and v, we 
place 1,000 c.o. of water. The freezing-point of this water 
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will be 0® C. Let us now take the molecular weights in grams 
of the five following non-eicctrolytes— 

Urea ( = 60 grams) Alcohol ( = 46 grams) 

Cane-sugar ( = 342 grams) Resorcinol ( = 110 grams) 

y Grape-sugar ( = ISO grams) 

^nd place the urea in i, the cane-sugar in ii, the grape-sugar 
in iii, the alcohol in iv, and the resorcinol in v, and stir until 
they have completely dissolved. If we were now to deter¬ 
mine the freezing-points of the five solutions, wo should find 
that in every case the freezing-point was — 1'86°C. Evi¬ 
dently we have here another method for determining the 
molecular weight of a non-electrolyte. All that we need do 
is to take another beaker with 1,000 c.c. of water in it, and 
find out how many grams of the substance we have to dissolve 
in the water to get a solution which will freeze at — 1-86° C. 
This number of grams will be the molecular weight of the 
i substance. A consideration of Blagden’s Law, however, 
will show us that since the depression in solutions of the same 
substance is directly proportional to the concentration, we 
need in practice only to dissolve a known weight of the sub¬ 
stance in a measured volume of solvent, and note the depres¬ 
sion caused. We can then work out the resxilt by proportion. 

FmsT Example.— Suppose that we dissolved 0-378 grams of a sub¬ 
stance in 12-4 c.c. of water and found that the depression of the freez¬ 
ing-point produced was 0-32°. What is the Molecular Weight of the 
substance ? 


w -What w© have to do is to calculate, by proportion and Blagden’s 
Law, how many grams of the substance we should have to dissolve in 
1,000 c.c. of water to got a solution showing a depression of 1-86° C. 
According to the above figures, 

0-378 grams dissolved in 12-4 c.c. produced a depression of 0-32“ 

0-378 „ „ „ 1,000 c.c. would give ,, 0 3- x 12 4 

— 0'004® (by BIagrlcn*s Law), 

Now, 

if a depression of 0-004“ is caused by 0-378 grams in 1.000 c o 

, 0-378 x 1-86 

•• »»- » » •• 0^004- grams 

— 173*8 grams. 

This is the Molecular Weight, 

Second Example.—0-3132 grama of fruit-sugar were dissolved in 
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14*5 c.e of wotor. The freezing-point of the solution was found to be 
0*223® lower than that of pure water, \\liat is the M.W. of fruit- 
sugar ? 

0*3132 grams in 14*0 c.c. gave a depression of 0*223® 

0*223 X 14-5 

0-3132 „ „ 1,000 c.c. would give „ „ -^ 

— 0 0032® (by Blagden’s Law). s 

If a depression of 0-003® is caused by 0-3132 grams in 1,000 o.o. 

0-3132 X 1-86 

t« i> 1-86® „ „ 0-0032 grenis 

= 182. 

This is the Molecular Weight. [Fruit-sugar is M.W. = 

180.] 

This method of determining the molecular weights of non¬ 
electrolytes (alternatively known as the Cryoscopic Method) 
is extremely useful in practice. In carrying it out experi¬ 
mentally, the temperatures have to be measured very accur¬ 
ately, since the depression produced is as a rule very small. \ 
For rough work, a thermometer reading to a tenth of a 
degree is suhScient, since with such an instrument the tem¬ 
perature may be read approximately to the hundredth part 
of a degree. For more accurate work, a thermometer gradu¬ 
ated in hundredths of a degree is employed, enabling the 
temperature to be estimated to the thousandth part of a 
degree. 

The apparatus used is shown diagrammatically in Fig. 26. 

To carry out a determination proceed in the following 
way. Suppose that you are going to find the molecular^ 
weight of cane-sugar. Take a few grams of pure sugar and 
dry it on filter-paper in a desiccator overnight. Fit up 
the apparatus shown in the figure. See that the inner tube 
A is quite dry and then run into it exactly 10 c.c. of water 
from a burette. Replace the cork with thermometer and 
stirrer, and stir until ice begins to form in the inner tube. 
You will probably find (using an ordinary thermometer gradu¬ 
ated in tenths of a degree) that the temperature falls con¬ 
siderably below 0® C. before the water freezes—the water 
becomes, in fact, super-cooled. Directly ice begins to formi 
however, the temperature jumps up to the true freezing- 
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point, which should, of course, be exactly 0° C., but unless 
the thermometer is unusually accurate, you will probably 
find that it is slightly above or below 0®. Remove the inner 
tube from the apparatus, stir well, and note the constant tem- 
^ perature shown as long as there is any ice in the liquid. This 


is the freezing-point {t°) 
of the water as shown 
by your thermometer. 
Allow the remaining ice 
in the inner tube to melt. 

Weigh accurately 
about 0'5 grams of the 
dry sugar on a watch- 
glass, remove the cork 
from the inner tube, 
and carefully introduce 
all the sugar. Shake 
gently until all is dis¬ 
solved, taking care that 
none is left on the sides 
of the tube. Replace 
the cork with the ther¬ 
mometer and stirrer, 
put the inner tube back 
into the freezing-mix- 
-»• ture, stir well, and de¬ 
termine the freezing- 
point of the solution 
{V in the manner 
described above. 

Then calciilate the 



Molecular Weight of Fig. 26.—Freezing-point Apparatus, 

sugar—that is, find 

how many grams of it you would have to dissolve in 1,000 c.c. 
of water to get a depression of the freezing-point of 1*86®. 


Besides those which have been described, there are^thetr 
methods of finding molecular weights, but as they are used 


/ 
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only in cases of special difliculty we shall not consider them 
here. 

I 

Methods of Determining Atomic Weights 

The determination of atomic weights is not quite so easy | 
as that of molecular weights, and before we can understand 
it we shall have to consider the question of valency. 

Valency.—In a molecule which consists of more than one 
atom, the atoms are not merely lying side by side : they are 
bound together by chemical force. What this force is, nobody 
at present knows, but it is certainly electrical in nature. 
In spite of our ignorance of its nature, however, we can 
investigate the way in which it behaves. Experiments 
carried out with this aim have shown chemists that the power 
which an atom of a given element has of combining with 
atoms of hydrogen is always the same. Tlius any atom of | 
oxygen is capable of combining with 2 atoms of hydrogen— ' 
never more and never less ; an atom of cldorine can combine 
with 1 atom of hydrogen ; that of phosphorus with 3 of 
hydrogen ; and that of carbon with 4 of hydrogen.' No 
element is known which will combine with hydrogen in such 
a way that there is a smaller proportion of hydrogen in the 
compound than 1 atom of the element to 1 of hydrogen; in 
other words, there is no known element of such small combin¬ 
ing power that 2 or more atoms of it are required to hold 
1 atom of hydrogen in combination. -v 

For this reason, chemists have taken as the unit of combin¬ 
ing power of an atom the ability to hold in combination 1 atom 
of hydrogen. The number of atoms of hydrogen with which 
1 atom of an element vntt combine is called the VALENC Y 
[i.e. the “ wotth ”] of that element. Some elements, however, 
will not combine with hydrogen, but will do so with other 
elements. It is evident that in such cases the valency of the 
element cannot be directly measured, but if we remember that ^ 
ability to hold in combination 1 atom of hydrogen is merely 
the “ unit of combining power,” we shall be able to measure 
the valency in an indirect way. For example, lead will not 
combine witn hydrogen, but it will do so with oxygen, in 
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such a way that 1 atom of lead combines with 1 atom of 
oxygen. Now 1 atom of oxygen will combine with 2 atoms of 
hydrogen ; we therefore assume that if lead and hydrogen 
could be made to combine they would do so in the proportion 
of 1 atom of lead to 2 of hydrogen, and therefore say that 
the valency of lead is two. Similarly, gold will not combine 
with hydrogen, but will with chlorine in such a way that 1 
atom of gold combines with 3 of chlorine. Since 1 atom of 
chlorine will combine with 1 of hydrogen, we say tliat the 
valency of gold is 3. 

Atoms are chemically indivisible, therefore the valency of 
an element must always be a whole number. 

A table of the valencies of the common elements is given 
on p. 455. You will see that sometimes an element may 
have more than one valency. There is a reason for this, as 
chemists have found by an investigation of the structure of 
atoms, but it is too advanced for us to consider it here. 

Relation between Atomic Weight and Equivalent.^— 
Now that we have gained some idea of the natvire of valency, 
we shall be able to see that there is a very close relationship 
between the three numbers which represent respectively the 
valency, the atomic weight, and the equivalent of an element. 
Suppose that 1 atom of an element, of atomic weight, say, 20, 
combines with 1 atom of hydrogen. We could represent the 
molecule of the compound as formed (Fig. 27) as— 



What is the equivalent of this element ? We know that 
the equivalent of an element is the number of units of weight 
of it which will combine or otherwise react with 1 of the same 
units of weight of hydrogen. Let the unit of weight chosen 
in this case he the weight of 1 atom of hydrogen. Then since 
the atomic weight of the element is 20, 20 units of weight 
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of it have combined with 1 unit of weight of hydrogen, /. ita 
equivalent is 20. But the atomic weight of the element is 


also 20, in this case 


Atomic Weight 
Equivalent 


But 1 atom of 


the element has combined with 1 atom of hydrogen, therefore 
the valency of the element = 1. 


Here, at any rate, 


Atomic Weight 
Equivalent 


= Valency. 


Now let us suppose that 1 atom of the element combines 
with 2 atoms of hj’drogen. The molecule will then be as in 
Fig. 28. 

What is the equivalent of the element here 1 Choosing 
the same unit as before, namely, the weight of 1 atom of 
hydrogen, it is clear that 20 units by weight of the element 



Fig. 28. 


have combined with 2 units by weight of hydrogen, the 

4 20 

equivalent oT the element = ~ = 10. The atomic weight 


of the element = 20. Weight _ ^ But 1 

Equivalent 10 

atom of the element has combined with 2 of hydrogen, there¬ 


fore the valency is 2, and here again 


Atomic Weight 
Equivalent 


= Valency 


Similarly, if 1 atom of the element ’combines with n 
atoms of hydrogen, a figure will show that the equivalent 

Atomic Weight Atomic Weight 
n ’ Equivalent 


Valency. 
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This conclusion, that Atomic Weight = Equivalent X 
Valency, is of the greatest importance, and should be very 
carefully noted. We shall see in the next section how it 
helps to determine Atom^ic Weights. 

’ First Method of finding Atomic Weights.—You learnt 
in Chapter VI that the equivalent of an element can as a 
rule be determined not only with ease but also with ^eat 
accuracy. Now, all we need to know, in order to get the 
atomic^ weight of an element when we have its equivalent 
weight, is its valency, for A.W. = E x V. And from the 
definition of valency, we know that the latter must be some 
small whole numher, since it is a number of atoms, which are 
indivisible. Our chief requirement, therefore, is a method 
of finding the valency of an element. Unfortunately there 
is no direct method of doing this, but we can carry the posi¬ 
tion by a flank attack, thanks to a discovery of the French 
^ chemists Dulono and Petit. 

Dulono and Petit’s Law.— Dulong and Petit found that 
the atomic weight of a solid element multiplied by its specific 
heat' generally equals 6*4 approximately— 

A.W. X S.H. = 6-4 (about). 

6-4 is called the atomic heat, and we could state Dulong 
and Petit’s Law in this way : the atomic heats of all solid 
elements are the same. Now this is only a very rough rule, 
but it helps us in this way. If we had to discover the A.W. 
of a metal, we could first find its specific heat^—a very easy 
thing to do—and then divide this into 6*4. The quotient 
would give us a rough value for the A.W. 

If, next, we divided the rough A.W. by the exact equiva¬ 
lent, as determined by one of the ways described in Chapter 
VI, we should get the approximate valency. But we know 
that the valency, being a number of atoms (see definition, 
p. 102), must be a whole number. Hence we take the nearest 

^ Specific heat of a substance is the number of calories required to 
raise the temperature of 1 gram of it 1 Centigrade degree. 

A calorie is the amount of heat required to raise the temperatiire 
of 1 ^am of water 1 Centigrade degree. 
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whole number to the rough valency as being the true valency. 
Thus, if the valencj' came out to 2-9, we should know that 
it was really 3, and so on. Having thus obtained the exact 
equivalent and the true valency,,all we have to do is to 
multiply them together to get the true Atomic Weight. 


Second Method of Finding Atomic Weights.—A little 
reflection will show you that, since the smallfest number of 
atoms of an element which can possibly exist in the molecule 
of any of its compounds is one, the smallest weight of that 
element which can possibly exist in the molecular weight of 
any of its compounds must be the atomic weight of the 
element. If you haven’t grasped the idea yet, read the 
sentence through again, and continue until you have 
thoroughly understood it. 

Suppose we took a large number of compounds of a given 
element. We should be very unfortunate if at least one of 
those compounds did not contain one atom of the element 
per molecule. Suppose now we (a) found the molecular 
weights of all those compounds, and (6) analysed them and 
calculated the weight of the given element in the molecular 
weight of each compound. Then the smaUest weight of that 
element in the molecular weight of any of the compounds 
would give an upper limit for its atomic weight—that is, the 
A.W. could not be greater than this. If we could be sure 
that the compound in question contained only one atom of 
the element' per molecule, we should know that the number 
obtained was the real atomic weight, but of course this is a 
point on which we unfortunately cannot be certain. 

Anyhow, if we examine a large number of compounds of 
the element, we shall be justified in taking the smallest weight 
of that element which we find in the molecular weight of any 
of those compounds as the atomic weight, until some fact 
turns up which shows that we are wrong. 

For an example, let us consider the case of carbon. This 


clement forms many compounds whose molecular weights are 
easily determined, some of which give the following data on 
analysis : 
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ParU by ivt, of 


Compound, 


Mol. Wt. 

Carbon in Mol 

Acetylene « • 

% 

26 

9 9 

24 

I^Iethane . • 

# 

. -L6 

s 9 

12 

Ethvlene 


28 

# 9 

24 

Ethane 

• 

30 

9 % 

24 

Carbon monoxide 


28 

9 m 

12 

Carbon dioxide 

• 

44 

9 4 

12 

Benzene . 


78 

9 4 

72 

Alcohol . 


46 

4 9 

24 

Cane-sugar • 

♦ 

. 342 

9 9 

144 

Grape-sugar 

• 

. 180 

m 9 

72 

Carbon disulphide 

% 

76 

« 9 

12 


From these figures it is concluded that the atomic weight 
of carbon is 12. No carbon compound has ever been dis¬ 
covered the molecular weight of which contains less than 
12 parts by weight of carbon. If such a compound were dis¬ 
covered, we should have to alter the atomic weight: an event 
which is unlikely to occur, as we can get additional evidence 
on atomic weights in ways which are too advanced to be 
discussed here. All agree in pointing to the value 12 for the 
atomic weight of carbon. 


Questions 

1. Define Atomic Weight and Molecular Weight, 

2. “State Qay’LusBOc's Law. 

3- State Avogadro'e Hypothesis and explain its importance, 

4. Define vapour density. What is the relation between the vapour 
density of a substance and its molecular weight ? 

5. What evidence is there to show that the molecule of hydrogen 
contains an even number of atoms, at least two ? 

6. Describe Victor Meyer’s method of determining vapour densities, 

7. Describe the cryoscopir method of determining molecular weights. 

8. State Blagden^s Law, 

9. Define valency. What is the relation between the atomic weight, 
the equivalent, and the valency of an element ? 

10. How would you proceed to find the atomic weight of a metal 
experimentally t 

11. State Dulong and Pettits jCata and explain its use. 

12. Define atomic heat, specific heat and calorie, 

13. In a Victor Meyer’s experiment 01185 grams of chloroform dis¬ 
placed 24*0 c.c. air measured over water at 12® and 760-5 mm. pres- 
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8tire. Vapour tension of water at 12® — 10*5 mm. Find from these 
data the vapour density of chloroform. 

14. A Victor Jleyer determination of the vapour density of a liquid 
gives the following data : 

Temperature 15® C. Y 

Pressure of atmosphere = 776*8 mm. ^ 

Weight of liquid taken = 0*0789 grams. 

Volume of air displaced collected over water ^ 25*2 o.c. ^ 

Find the vapour density of the liquid. 

15. A substance weighing 0*3370 grams displaced, in a Victor Meyer’s 
apparatus, 31*6 c.c. of air measured over water at 18*5® C., the height 
of the barometer being 774-1 mm. \Vhat is the vapour density of the 
substance ? 

16. In a Victor Meyer determination 0*3130 grams of a liquid gave 
38*6 c.c. of gas collected over w*8ter and measured at 16*9® C. and 
769*3 nun. pressure. Calculate the.vapour density of the liquid. 

17. In a Victor Meyer determination of vapour density, 0*0967 
grams of a substance displaced 22*4 c.c. of air, measured over water 
at 17*2® C. and 764*2 mm. pressure. What is the vapour density of 
the substance ? 

18. 1*8 grams of a substance dissolved in 25 grams of water gave 
a depression of the freezing-point of 0*4® C. Find the molecular 
weight of the substemce. 

19. When 0*936 grams of a substance were dissolved in 26*9 grams 
of water, the freezing-point was depressed by 1*078® C. Find the 
molecidar weight of the substance. 

20* 6*0 grams of a metal, on heating in the air, yielded 6*25 grams 
of ite oxide. The specific heat of the metal is 0*096. What is its 
atomic weight ? v 


/ 




CHAPTER IX 


FORMULA AND EQUATIONS 


Chemista are like other men—they are anxious to save 
themselves unnecessary work. As a means to this end they 
have invented formulae and equations which enable them to 
remember, and to express, a great deal about chemicals and 
chemical actions with very little trouble. If, therefore, you 
are just beginning the study of chemistry, don't be alarmed 
^ when you come across mysterious symbols such as 2KC10a = 

and if you 


2KCl-|~30ai They are not at all terrible, 



water 


a balance 
gold 
silver 
copper 

natron (native 
sodium car¬ 
bonate) 
Egyptian. 


viu>p (vStttp water) 

apC€Nii<ON {apowKov arsenic 

T [sulphide] ) 

YtMY-eiON {^Ptfiiieiov white lead 

[lead carbonate] ) 
X aXas (iAas salt) 


f^Xfrs-COC 


{xpuaos 


gold) 


Greek. 


Fio. 29.—Ancient Chemical Symbols. 


will give your mind seriously to the matter for an hour or 
two you will find that formulae and equations, instead of 
being fearful obstacles to overcome, are just the very things 
you want to help you on your way. They are very different 
indeed from their ancestors—the cabbalistio signs which 
ancient chemists used to employ to keep their knowledge 
secret, and of which you will see a few illustrated in Fig. 29. 

Dalton used a notation involving a s^tem of circles, and 
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the opposite page is reproduced from Part II of his book, 

A New System of Chemical Philosophy. 

Our present symbols and formul®, introduced by Bee- 
ZBOTJS (1779-1848), are meant to make things plain rather than 
to shroud them in mystery, and they succeed admirably. j' 

Atoms.—When a chemist wants to say “ 1 atom of 
nitrogen,” as he does very often, he is too lazy to write it 
out in full every time, so he simply writes N. Similarly, 
for 1 atom of hydrogen he puts H, and for single atoms of 
carbon, oxygen, sulphur, phosphorus and iodine be puts C, 0, 

S, P, and I respectively. There is nothing very difficult in 
that, is there? In exactly the same way, for 1 atom of 
any other element he uses just the initial letter of the name 
of the element. But what is he going to do when there are 
two or more elements whose names begin with the same 
letter ? Well, in that case, instead of using the initial letter , 
only he uses the initial letter and another letter of the name, * 

' e.g. B means 1 atom of boron, so for 1 atom of bromine we 
put Br. Again, since we have let P mean 1 atom of phos¬ 
phorus, we write Pt when we mean 1 atom of platinum. 

Sometimes, instead of taking the initial, or initial and 
another letter, of the English name, we form the sj-mbol 
from the Latin name of the element. Thus, the Latin name 
for iron is fernim ; hence (since F stands for 1 atom of fluor¬ 
ine) we use Fe for 1 atom of iron. Similarly, Cu means 1 
atom of copper (cuprum), K is 1 atom of potassium (kalium), ^ 
H" is 1 atom of mercury (hydrargyrum), Na is 1 atom of sodium 
(natrium). In the case of those elements which the Romans 
did not know, we cannot use the true Latin name (because 
there isn’t one), but chemists have concocted names which 
look as though they might be Latin—e.;/. kalium and natrium 
(for potassium and sodium), just mentioned. 

Remember, then, that the symbol for an element stands for 
a perfectly definite quantity of that element, namely, 1 atom. ^ 
V.’hatever you'd©, don’t write H, for example, for “ hydrogen 
in general. H is 1 atom of hydrogen, and if you use the 
eymbol H as shorthand for “ hydrogen,” every chemist wiU 

cut you dead. 
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The table below should be learnt by heart. The names in 
brackets are the “ Latin ” names. 


Table of Symbols fob 1 Atom of Common Elements 


Eiernent. 

Sym¬ 

bol. 

1 

Elemout. 

Sym¬ 

bol. 

Element. 

1 

Sym¬ 

bol. 

AluinialtiiQ • • 

A] 

Todine .... 

I 

^ Phosphorus 

P 

B*riQm . . 

Ba 

Iron (/errum) . 

Fe 

Potussiuiu (Aoltum) 

K 

BronuD9 

Br 

Lead {plumbum) 

Vh 

Silicon .... 

SI 

CalciQxn 

Ca 

Magnesium 

Mg 

Sulphur . 

S 

CorboQ 

C 

Manganese. 

Mil 

Silver (argerUum) . 

Ag 

Cblorine 

Cl 

Mercury (Aydfor- 


Sodium (nd/num). 

Na 

Copper (cuprum) 

Ca 

<rynim) . 

Hg 

Sulphur^ . 

S 

Gold (durum) . 

Au 

Nitrogen 

N 

Till (jidfinum) 

So 

Hydrogen . 

H 

Oxygen 

0 

Zinc .... 

Zn 


Suppose we wanted to say shortly “ 2 atoms of oxygen, 
not joined together ’*—well, we write 20. Similarly, lOH and 
5Na mean 10 atoms of hydrogen, all separate, and 5 atoms of 
sodium, all separate. 


Molecules.—^We know, however, that in ordinary hydrogen 
gas, the atoms are sociable and go about in pairs, and that 
the smallest particle of hydrogen which normally exists, that 
is, the molecule, is thus diatomic (consisting of two atoms). 
To express a molecule of hydrogen, therefore, we put Hg. 

_ That is, “ Hg ” means “ 1 molecule of hydrogen, consisting 
of 2 atoms joined together,” while “ 2H ” means “ 2 atoms 
of hydrogen, not joined together,” and “ 2Ha ” means “ 2 
molecules of hydrogen, each consisting of 2 atoms joined 
together.” 

Again,' 30a means 3 molecules of oxygen each consisting 
of 2 atoms, while 20 a means 2 molecules of ozone (p. 201 ) 
eztch containing 3 atoms of oxygen. For practice, say what 
the following formulae stand for : (i) SNa. (u) P 4 . (iii) 3Sa. 
(iv) lOCa,- (V) 18 K. (vi) 2Ag. (vii) 3A1. (viii) Slg. 

The formulce of compounds are written similarly. Thus 
HaSOa stands for 1 molecule of sulphuric acid, consisting of 
2 atoms of hydrogen, 1 of sulphm*, and 4 of oxygen. 2HaSO* 
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means 2 molecules of sulphuric acid—a figure in front of a 
formula refers to the whole of the formula. 

Examples. 

2 KKO 3 Bs 2 molecules of potassium nitrate, each consisting of I atom 
of potassium (K}» 1 of nitrogen and 3 of oxygen. y 
3NaCl B 3 molecules of common salt, sodium chloride, each con* 
sisting of 1 atom of sodium (Na) and 1 of chlorine. 
< 5 KMn 04 s 6 molecules of potassium permanganate, each consisting 
of 1 atom of potassium, 1 of manganese, and 4 of oxygen. 

Exercises. —Say what the following formulae mean— 

(i) 3 HNO 3 (HNO^ » 1 molecule of nitric acid), 

(ii) 5HCI (HCl * 1 „ M hydrochloric acid), 

(iii) 2 NaNO^ (^aNO^ » 1 ,, ,, sodium nitrate), 

(iv) 6 CaCOg (CaCOg =1 „ „ calcium carbonate). 

(v) 2NaOH (XaOH =1 caustic soda or sodium hydroxide). 

In copper nitrate, each copper atom is combined with two 
—NO 3 groups, and write the formula for 1 molecule of^ 
this compound Cu(N 0 a) 2 * We could, of course, write CuNjO^ ^ 
if we liked, but this would not show the relation between 
copper nitrate and nitric acid (HNO 3 ) so well as the formula 
Cu{N 03 )g. Cu(NOa)g is read “ Cu, NO 3 iwice^^* and not 
Cu, NO 8 two. Similarly, Ca 3 (P 04 ) 2 , the formula for 1 mole* 
cule of calcium phosphate, is read ** Ca three, PO 4 twice. 

In other words, a small figure after a bracket refers to all 
within the bracket. 

Examples. 

Alg(S 04)3 read A1 itvot SO 4 three and stands for 1 molecule.^ 

of aluminium sulphate, consisting of 2 atoms of aluminium and 
three SO 4 groups {or 3 atoms of sulphur and 12 of oxygen). 
Ba(0H)8 is read Ba, OH tunce, and stands for 1 molecule of barium 
hydroxide, consisting of I atom of barium arid 2—OH groups 
(or 2 atoms of oxygen and 2 of hydrogen). 

Ca(OCI )8 is read Ca, OCl iunce (1 molecule of calcium hypochlorite), 
but CaOCi 2 is read Ca, O, Cl two (1 molecule of bleaching •powder)* 

Exercises. —Bead the following formula and say what they tell 
you about the composition of the molecules of the substances— 

(i) Ca(C 105)8 —calcium chlorate. ^ 

(ii) KCIO 3 —potassium chlorate. 

(iii) AIPO 4 —aluminium phosphate, 

(iv) Ba 3 (P 04)8 —barium phosphate. 

(v) A](N 03)3 —aluminium nitrate. 
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{vi} K 2 SO 4 —potassium sulphate. 

(vii) Alj^SO^)^ —aluminium sulphate. 

(viii) —phosphorous acid. 

(ix) KHSO 4 —potassium bisulphate. 

(x) Cj^HgaOii —cane sugar. 

N.B.— that the Jormula 0 / a compound 9tnnd3 for 1 
MOLECULE of that Compound^ and not for the compound in bulk. 

Equations.—We have already seen that in a chemical 
reaction no matter is created and none is destroyed. Hence, 
the same numbers of the same atoms exist after the change 
as before it, but after the change they are not combined 
together in the same way as they were before the change 
took place. We can e.xpress this fact in a chemical equation. 
The left-hand side of the equation shows how the atoms are 
arranged originally, and the right-hand side shows tlieir 
new grouping after the change has occurred. Since the same 
^ numbers of the same atoms occur on both sides, we can put 
tlie sign of equality between, e.g. 

Zn -t- H^SO, = ZnSO, + H^. 

If you examine this equation, you will see that on the left- 
hand side, and on the right-hand side, we have 1 atom of zinc, 
2 of hydrogen, 1 of sulphur, and 4 of oxygen. And since, 
so far as we know, the Law of the Conservation of Matter 
(p. 34) is alu'ays obeyed by chemical compounds, it follows 
that our equations, if they are correct, must always have 
^^e same numbers of the same atoms on both sides. This 
equation, for example, is wrong ; 

Zn + H,SO. = ZnSO, + H,. 

since on the left-hand side we have 4 atoms of oxj'gen and 
on the right only 2. You should therefore always check 
your equations by counting up the atoms. 

Now what does this equation, Zn + HjS 04 = ZnSO^ -i- Hj, 
tell us i It tells us : 

(i) That, under certain conditions which are not mentioned, 
and which we could not find out from the equation, zinc and 
sulphuric acid will act upon one another in such a way that 
hydrogen is displaced from the acid and zinc takes its place. 

di) That 1 atom of zinc will act upon I molecule of sul- 
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phuric acid, containing 2 atoms of hj-drogen, 1 of sulphur and 
4 of oxygen, to give 1 molecule of zinc sulphate, containing 
1 atom of zinc, 1 of sulphur, and 4 of oxygen ; and 1 molecule 
of hydrogen, containing 2 atoms. 

(iii) That the valency of zinc is 2 (since 1 atom of zinc has 1 
taken the place of 2 of hydrogen), and that the valency of 
the SO4 group of atoms is also 2. 

If we know the atomic weights of the elements concerned 
(Zn = 65 ; H = 1 ; S = 32 ; 0 = 16) it tells us : 

(iv) That 65 units of weight of zinc will react with 98 of ' 
the same units of weight ( = 2 + 32 + 4 X 16) of sulphxuric 
acid to give 161 (65 + 32 + 4 X 16) units of weight of zinc 
sulphate and 2 units of weight of hydrogen. Hence, suppose 
we wanted to get 1 ton of hydrogen, how much zinc should 
we have to use, and how much zinc sulphate should we get 1 
Well, the equation is true whatever units we employ, so long ^ 
as we employ the same units throughout. We can therefore •* 
see from the equation that 

65 tons of zinc yield 2 tons of hydrogen and 161 tons of zinc 

sulphate, 


65 


1 ton of hydrogen will be given by tons of zinc, and 


161 


tons of zinc sulphate would be formed at the same time. 
Ans. —32*5 tons of zinc ; 80'5 tons of zinc sulphate. 


Or, again, what weight of sulphuric acid should we require-, 
to dissolve 10 grams of zinc ? 

65 grams of zinc require 98 grams of sulphuric acid. 


10 


98 X 10 




ff 


»> 


65 

= 15-08 grams. 


99 


9t 


II 


Ezpbrcises.—I nterpret the following equations : 

(i) KOH + HNOa = KNO 3 + HjO. 

(u) KOH + HCl « KCl + HjO. 

(iii) Na^COa + 2HC1 = 2NaCl + H,0 + CO,. 

(iv) NH 4 CI + NaOH = NaCl + H,0 + NH,. 

(v) 2 NH 4 CI + Ca(OH), = CaCl, + 2H,0 + 2NH,. 

(vi) 2KC10, = 2KC1 + 30,. 
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KOH = 1 molecule of caustic potash or potassium hydroxide* 

HNOj * 1 ,, nitric acid. 

KNO3 — 1 ,, ,, potassium nitrate. 

HCl =1 ,, ,, hydrochloric acid. 

KCl =1 ,, ,, potassium chloride* 

Na^CO^ — 1 sodium carbonate. 

NaCl =1 ,, „ salt or sodium chloride* 

CO) si ,, carbon dioxide. 

NH4CI « 1 ,, ,, ammonium chloride. 

NaOH =1 ,, caustic soda or sodium hydroxide. 

NH) =1 ,, ammonia. 

H)0 =1 „ ,, water. 

Ca(OH), « 1 ,, „ slaked lime or calcium hydroxide. 

CaCI) ss 1 calcium chloride. 

KCIO3 =1 ,, „ potassium chlorate. 


Wbat information about the reaction between zinc and 
sulphuric acid does the equation 

Zn + HjSO* = ZnSO^ + H, 

not give us—information that perhaps we should like to 
have ? 

(i) It does not tell us whether it is necessary to apply heat 
or not. 




(ii) It does not tell us whether we can use the concentrated 

acid or whether we have to dilute it. 

(iii) It tells us nothing of the physical states of the substances 

concerned, i.e. whether they are solids, liquids, or 
gases. 

(iv) It does not tell us whether heat is given out or taken in 

during the reaction. 

(v) It does not tell us how long the action takes. 

(vi) It does not tell us whether anything is precipitated or not, 

or whether the action js explosive or not. 

In other words, therefore, an equation gives us a good deal 
of information about the reaction it represents, but it leaves a 
great deal untold. A man who learnt chemistry by means of 
equations only would know very little. On the other hand, 
an equation is very useful, since the information which it does 
give is definite, and is also as a rule that which it is most 
important for us to know. Equations, in short, are more 
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useful in enabling us to remember our chemical knowledge 
than in helping us to acquire it. 

We have not j-et, however, extracted all the assistance 
which an equation can give us. Equations are particularly 
valuable when we are dealing with gases, for they enable us j 
to calculate the volumes of the gases concerned. 

It is found by experiment that 2 grams of hydrogen at N.T.P. 
occupy 22-4 litres.^ Let us suppose that the number of 
molecules in 22-4 litres of hydrogen at N.T.P. is n. Then, by 
Avogadro’s Hypothesis, 22*4 litres of any other gas at N.T.P. 
would also contain n molecules. Hence the ratio 
weight of 22-4 litres of a gas at N.T.P. 
weight of 22-4 litres of hydrogen at N.T.P. 
is equal to the ratio 

weight of n molecules of the gas 
weight of n molecules of hydrogen* ^ 

or, in other words, the vapour density of the gas (p. 93). But 
we know that the vapour density is half the molecular weight 
of the gas (p. 94) ; therefore, if n molecules of hydrogen weigh 2 
grams, n molecules of the gas must weigh the molecular weight 
in grams of the gas. It follows, therefore, that the molecular 
weight in grams of any gas at N.T.P. occupies 22-4 litres. 

The molecular weight in grams of a substance is called its 
GsAM-IiloLECULAE-WEiGHT, or G.M.W., and the volume 
occupied by the G.M.W. of a gas at N.T.P., i.e. 22-4 litres, is 
called its G^am-Molecular-Volume, or G.M.V. 

Learn : The molecular weight in grams (G.M.W.) of 
any substance in the state of gas occupies 22*4 litres at 
N.T.P. 

By means of the Gas Laws, we can easily calculate what 
volume the G.M.W. (and, by proportion, any other weight) 
of a gas would occupy at any other temperature and pressure. 

ExAMri.ES.—1. What volume of hydrogen, measured dry at N.T.P. 
would be liberated by the action of 13 grams of zinc upon dilute sulphurid 
acid t 

* Strictly^ 22*4 litres of hydrogen at N.T.P. weigh 2*016 gm* For 
elementary purposes the difference may be neglected. 
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The equation is 

Zn + H 8 S 04 = ZnSO« + H,. 

A 65 grams of zinc give 2 grams of hydrogen. 

. 2 X 13 

•• ^3 »• »» •» g 5 = 0-4 grams. 

But 2 grams of hydrogen s= G.M.W. of hydrogen. 

2 „ „ occupy 22-4 litres at N.T.P, 

. . , 22.4 X 0-4 
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9» 




** »• 2 
— 4-48 litres. Answer. 

Or, in a shorter way, 

65 grams of zinc yield 1 G.M.V. of hydrogen at N.T.P. 

= 22-4 litres 


13 




PP 


ff 


22 4 X 13 
65 




pp 


pp 


^ 4*48 litres. Answer. 


2, What is the weight of 1 litre of nitrous cxidCf N/), at N.T.P. t 

The M.W. of nitrous oxide =14x2+16« 44. 

^ .. M G.M.W. ,* = 44 grams. 

Hence 44 grams „ ,, ,, occupy 22-4 litres at N.T.P* 

If 22*4 litres ,, ,, „ weigh 44 grams at N.T.P., 

*. 1 litre „ weighs 22 * 4 

» 1*96 grams. Answer. 

3. What weight of calcium carbonate, CaCO^. must we use to give 20 
lures of dry carbon dioxide at 37^ 700 mm., when acted upon by dilute 
mtric acid f 

The equation is 

CaCO, + 2 HNO 3 = Ca(N 03 ), + H^O + COj. 

-.-The M.W. of calcium carbonate is 40 + 12 + 3 x 16 = 100 

From the equation wo see that 100 grams of calcium carbonate 
would yield 22-4 Utres of carbon dioxide at N.T.P. This volume at 
37 700 mm. would become, by Boyle's and Charles's Laws, 

22-4 X 310 X 760 , 

27i X 700 

Then, if 27-6 litres of carbon dioxide at 37® 700 mm. come from 100 
grams calcium carbonate, 

20 litres of carbon dioxide at 37® 700 mm. come from ^ crams 

* 27-6 

cnjcium carbonate. 

= 72-5 grams. Answer. 

i. What volume of acetylene, CJi^, measurefl at 15® 770 mm., could 
be obtained by acting tvilfi water upon 16 grams of calcium carbide f 
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Tho equation is 

CaC, + 2H20 « Ca(OH)j + 

Henco, 1 molecule of calcium carbide gives 1 molecule of acetylene. 

•• ^ G.M.W. „ „ 1 G.M.V. of acetylene at 

N.T.P. 

64 grams „ give»22-4 Utres 

. 22-4 X 16 

” ” »> »» 64 M f> 

= 5-6 litres. 

6-6 litres at N.T.P. become, at 16* 770 mm., 

6-6 X 288 X 760 
273 X 770 

= 6-73 litres. Answer. 

Exercises. For exercises see end of chapter, p. 124. 

Calculation of a Formula for a Compound from its 
Composition by Weight.—If you are given tho formula of 
a compound, and 3 ’^ou know the atomic weights of the elements 
of which it is composed, you can easily calculate its percentage ^ 
composition by weight. 

E xAftTP ij ;.—The JormuUt for caustic potash is KOH. What is its 
percentage composition by weight f 

Its molecular weight is clearly 39 + 16 + 1 = 56. 

66 parts by weight of caustic potash contain 39 parts by weight of 

potassium. 

. ifjft 39 X 100 

•• » » .. » —56 - .. » 

= 69-64. 

Similarly, 56 parts by weight of caustic potash oontain 16 parts by 

weight of oxygon* 

• 100 16 X 100 

• • ’» ” ►» 66 ” ” 

= 28-57. 

And 66 parts by weight of caustic potash contain 1 part by weight of 

hydrogen. 


100 


1 X 100 
-56- 


= 1-79. 

Percentage composition by weight of caustic potash 
Potassium. . . . . 69-64 

Oxygen.28-57 

Hydrogen . . . . . .1-79 


100-00 
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In exactly the same way we could find what weight of 
oxygen is contained in 100, or 50, or 28, or any number of 
grams of potassium chlorate, if we knew the formula for 
.^^otassium chlorate (KCIO3) and the atomic weights of 
potassium, chlorine, and oxygen. 

Can we carry out the reverse process, that is, can we 
calculate the formula of a compound from its composition by 
weight, if we know the atomic weights of the elements in it ? 
In order to answer this question, let us suppose that we knew 
that the sodium chloride molecule consisted of sodium and 
chlorine atoms in equal numbers, but that we did not know 
how many of each there were. That is, we know that the 
formula is NaCl, or Na^Cla or NaaClj . . . Na„Cl„, but we 
don’t know which of these is right. Could we tell if we knew 
the composition of salt by weight ? Well, suppose salt is 
^ NaCl. Then 23 + 35‘5, i.e. 58-5 parts by weight of it contain 
23 parts by weight of sodium and 35*5 parts by weight of 
chlorine. If, on the other hand, it is NagCl*, then 117 parts 
by weight of it contain 46 parts by weight of sodium and 71 
parts by weight of chlorine. The ratio of weight of sodium 

to weight of chlorine in the first case is 77 ^-=. and in the 


35-5’ 


, 46 , 46 . 23 

second —. But — is the same as 

#1 71 o5*0 


Hence, the proportion by weight of sodium to chlorine is 
-^he same in NaCl as in Na^Cla, and, of course, in NajCls . . . 
Na„Cl„. It is clear, therefore, that from the composition by 
weight alone of a substance, we cannot possibly calculate its 
true formula. All we can do is to get its simplest formula, 
or empirical formula as it is usually called. The true formula 
for grape-sugar, for example, is CeHigOe, but if we were given 
merely its composition by weight, all we could say is that its 
formula must either be CHjO or some multiple of this, e.g. 
, CH 3 O. C 2 H 4 O 2 , CaH^Oa, C 4 HSO,, CsHjcOj, CeH.^Oo, 

' etc.—in other words, (CH,0)„ where n is a whole number. 

l<et us see how it is possible to calculate the empirical 
formula of a substance from its composition by weight. The 
proportion by weight of an element in a given compound 

E 
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will obviously be greater (o) the more atoms of it there are 
in the molecule, and {6) the larger is its atomic weight. Hence, 
if we take the numbers representing the proportions by weight 
of the various elements in a compound, and divide each hy 
the atomic weight of the element concerned, the numbers' 
which we get as quotients will be in the. ratio of the numbers 
of atoms of those elements present in the molecule of the com¬ 
pound. 


Example.— 100 parts by weight of grape-sugar contain : 

40-00 parts by weight of carbon. 

6-67 „ „ hydrogen. 

53-33 „ „ „ oxygen. 


40 00 


If we divide 40 by the atomic weight of carbon wo get 

12 

= 3-33. 

M o 6*67 „ 

99 


hydrogen ,, 

6-67 

1 

= 6-67. 

M 53*33 ff 

♦ * 

99 

oxygen m 

53-33 

16 

= 3-33. 


Henco, in the molecule of grape-sugar, there are 6-67 atoms of 
hydrogen and 3-33 atoms of oxygen to ,every 3-33 atoms of carbon, 
so that we could write the formula O 3 .J 3 . But it is clear 

that we cannot have 3-33 carbon atoms, since atoms are indivisible. 
What we have to do, therefore, is to. find the simplest whole number 
ratio corresponding to 3-33 ; 6-67 : 3*33. This, of course, is obvious 
—it is 1 : 2 : 1 ; therefore the empirical formula for grape-sugar is 
CHjO. But the true formula might equally well be CjH^O* or 
etc., as pointed out above. 

Anotbdeb ExAAtFLE.—In 250 parts by weight of sulphuric acidj^ 
there are 5-01 of hydrogen, 80-16 of sulphur, and 160-32 of oxygen. 
What is the empirical formula of sulphuric acid ? 

6-01 

6-1 divided by the atomic weight of hydrogen = 1 “ 5-01. 

80-16 

91*6 .. sulphur = = 2-51. 

160-32 

160-32 „ „ „ „ oxygen = — g' = 10-02. 

atoms are in the ratio H : S t O as 5-01 : 2-51 : 10-02. 

On simplification, this ratio is seen to be very close to 2 : 1 : 4 , 
empirical formula for sulphuric acid is HgS 04 . 

The true formula is either H 2 SO 4 or some whole number of tiroes 
this. 

Exercises. —For exercises see end of chapter, p. 124. 
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True Formulae—We know that the true formula for a 
compound must be the empirical formula multiplied by some 
whole number, but the problem still remams of finding this 
number. Sometimes this is easy, sometimes difficult, and 
^sometimes impossible. It is easy if we can find the molecular 
weight of the compound, as you can see from the following 
considerations. We have found that the empirical formula 
for grape-sugar is CH 2 O. Now, chemists have determined 
the molecular weight of grape-sugar, and it turns out to be 
180. What would its molecular weight be if its true formula 
were CH^O ? Obviously, 12 -f 2 + 16 = 30. Tliis, however, 
is only \ of the actually observed molecular weight, hence the 
true formula must be not CH 2 O, but {CH 20)8 or C 6 Hi 206 . 

In other words, to determine the true formula for a com¬ 
pound we want to know two things : 

(i) its composition by weight, which gives its empirical 
I formula, and 

(ii) its molecular weight, which enables us to find out which 

multiple of the empirical formula to choose. 

If the molecular weight of a compound can be determined 
easily, then it is easy to get its true formula ; if the molecular 
weight determination is difficult, it is correspondingly difficult 
to get the true formula, while if the molecular weight cannot 
be determined—as in the case of many solid compounds— 
we cannot tell what the true formula of the substance is, in 
which event we use the empirical formula until we get further 
evidence. 

For methods of determining molecular weights, see Chapter 
VIII, pp. 90-102. 


Questions 

X 1. Write the symbols for 1 atom of the following elements: 
hydrogen, oxygen, • sulphur, sodium, silicon, phosphorus, platinum, 
silver, gold, copper, iron, mercury. 

2. Write the formulae for 1 molecule of the following substances : 
hydrogen, oxygen, ozone, water, nitric acid, aluminium sulphate, 
sodium nitrate, ammonium chloride, calcium chloride, calcium hydrox¬ 
ide, grape-sugar, cane-sugar, sulphuric acid, caustic potash, caustic 
soda, calcium carbonate, calcium carbide, potassium chlorate. 
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3. State all the informatioa which you can gather from the following 
equatioiL:^ : 

(i) CaCOa + 2HC1 = CaCl, + H,0 + CO,. 

(ii) Ca(OH), -}- H,SO, = CaSO, + 2H,0. 

(iii) Zn + 2HC1 *= ZnCl, + H,. 

(iv) MnOj + 4HC1 = MnCl, + 2H,0 + Cl,. 

(v) 2H,+ 0, = 2H,0. 

4. Explain the terms gram-molecular-weight and gram-molecular- 
volume. 

5. Work out mentally and write down the volumes at N.T.P. of the 
given weights of the gases mentioned below ; 


8-5 grams of ammonia (NH,). 


4 

8 

96 

3-55 

6-5 


*♦ 




tf 


t* 




methane (CH^), 
oxygen (O^)* 
ozone (O^). 
chlorine (Cl 2 )< 
nitrous oxide (N 20 )« 


0. \Miat is the empirical formula of a substance ? How is it obtained 1* 

7. What do you want to know to get the true formula of a substance f' 

8 , Work out the percentage compositions by weight of the following 
substances : 


(i) Calcium carbonate (CaCO^). 

(ii) Potassium bicarbonate (KHCO 3 }. 

(iii) Copper nitrate (Cu(N 03 ) 2 ). 

(iv) Camphor (CjoHi^O), 

(v) Naphthalene (Cj^H^), 

(vj) Potassium permanganate (KMnO*). 
ivii) „ dichromate {KjCr^O,). 
(viii) Red lead (Pb 304 ). 

(ix) Potassium chlorate (KCIO^). 

(x) Water (H^O)* 


0. Calculate the weight of 10 litrod of a mixture of I volume of 
nitrogen with 3 volumes of hydrogen, and compare it with the weight 
of 10 litres of ammonia (NH^), measured under the same conditions 
of temperature and pressure. 

10. Find the volume of dry hydrogen sulphide (H^S), measured at 

16^ 740 mm., which could be obtained by dissolving 10 grams of 
ferrous sulphide (FeS) in (a) dilute hydrochloric acid, and (&) dilute 
sulphuric acid. * 

11. How many litres of ammonia (at N.T.P.) could be obtained by 
beating 100 grams of ammonium chloride with sufficient slaked lime f 

12. A compound was foimd to contain 39*3 per cent, sodium and 
60*7 per cent« chlorine by weight. Find its empirical formula. 
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13. The composition by weight of a certain compound was found 
to be as follows : 


56-52 per cent. 

8-70 
34-78 


>• 


»> 


$% 




Potassium • . . • 

Carbon • . • • . 

^ Oxygon . • « . • 

Wlirtt is the empirical formula of the compotxnd ? 

14. An organic compound gave on analysis the following compositioD 

by weight : , 

Carbon 32*0 per cent. 

Hydrogen. . . • .4*0 

Oxygon ...... 640 

Find its empirical formula. If its molecular weight is 150, what 
is its molecular formula ? 

15. 1*288 grams of a compound contained on analysis 0-520 grams 
zinc, 0*256 grams sulphur, and 0*512 grams oxygen. What is its 
empirical formula ? 

16. 1*52 grams of a compound were found to contain 0*439 grams 
potassium, 0*360 grams sulphur and 0*721 grams ox>'gon. What is 
^ts empirical formula ? Further evidence gives its molecular weight 

as 270; what is its molecular formula ? 

17. A compound has the following composition by weight; 

Sodium .«•••. 29*11 per cent. 

Sulphur 40*51 

Oxygon 30*38 

Find its empirical formula. 

18. An organic compound gives the following results on analysis: 

Carbon . . .26*67 per cent, by weight. 

Hydrogen . • . 2*22 

Oxygen .... 71*11 

Find its empirical formula. If its molecular weight is 90, what is 
its molecular formula ? 

10. 1*31 grams of a compotind on analysis were found to contain 
0*007 grams silver, 0*134 grams sulphur, and 0*269 grams oxygen. 
What is the empirical formula of the compound ? 

20. What is the empirical formula of a compound, which has the 
following composition by weight ? 

Potassium . . 42*39 per cent. Iron , « 15*22 per cent. 

Carbon « • * 10*565 o KHrogen , • 22*825 


9 * 


99 


99 


99 


99 


99 


U 
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Wlien the wires from an electric battery are immersed in 
water made slightly acid by the addition of a little sulphuric 
acid, tlie water is decomposed into hydrogen and oxygen. 
The hydrogen comes off from the wire attached to the negative 
pole of the battery, and the oxygen from that attached to the 
positive pole. This decomposition of a substance by the I 
passage of electricity through it is called electrolysis. Pure 
water will not noticeably conduct electricity, but if a little 
acid or alkali is added conduction takes place and the water 
is electrolysed. 

The two metallic plates or wires which are placed in the 
liquid to bring about electrolysis are called the electrodes. 
The electrode connected to the positive pole of the battery is 
called the anode or positive electrode, and that connected to the 
negative pole is called the cathode or negative electrode. Aque¬ 
ous solutions (that is, solutions in water) of acids, bases and-^ 
salts will conduct electricity, and the dissolved substances are 
decomposed in the process. Thus, if a current of electricity 
is passed through a solution of copper chloride, chlorine is 
evolved at the anode (if this’is made of a substance such as 
carbon, not attacked by chlorine) and copper is deposited on 
the cathode. Substances which are liberated at the anode 
are said to be electro-negative, since they are attracted to the 
positive pole, and it is a general rule of electricity that a. 
positively-charged body repels another positively-charged'' 
body, but attracts a negatively-charged one, and vice versa. 
In the same way, substances which make their appearance at 
the cathode are called electro-positive. 
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Substances whose solutions will conduct electricity are 
called electrolytes. N<m~electrolytes are substances whose 
solutions do not conduct electricity {c.g. sugar, alcohol, 
glycerol). 

The substances which appear at the electrodes during 
electrolysis were called ions by Faraday (1791-1867), who first 
studied this phenomenon thoroughly. He gave them this 
name because they wander to the electrodes (from the Greek, 



— - © * Aniorv 

Fig. 30.—Electrolytic Cell shown diagrammatically. 

to go or to wander). Those which go to the anode were called 
anions, and those which go to the cathode were called cations. 
Nowadays we use these words in a slightly different sense, 
about which you will learn later on. 

Diagrammatically we can represent these ideas as in Fig. 
»30, 

The sign we use for a single cell of a battery is |j, where 
the short, thick stroke represents the negative pole, and the 
long, thin one the positive pole. A battery of 5 such cells 
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connected in series is shown in Pig. 31, or more simply in 
Fig. 32. 

If the positive pole of one cell is connected to the negative 
of the next, and the positive of this to the negative of the 
third, and so on, as shown in the diagram, the battery is said-^ 


Fio. 31. 


Fio. 32. 


to be composed of cells connected in series. The terminal 
poles of the battery as a whole are then the negative pole of the 
cell at one end of the series and the positive pole of the cell 
at the other end. Fig. 33 shows 3 electrolytic cells and a 
battery connected in series. 



Note that the electrode in Cell 1 connected with the negative 
terminal pole of the battery is also negative—it is really an 
extension of the pole ; similarly with the anode in Cell 3. 

Faraday’s Laws of Electrolysis.—Faraday showed that 
the same quantity of electricity' passed through solutions of 
electrolytes connected up in series will liberate in each cell weights f 
of the products of electrolysis which are in the ratio of their 
i^mical equivalents. Thus the same quantity of electricity 
which liberates 1 gram of hydrogen will liberate S grams of 
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oxygen, 35-5 grams of chlorine, 31-8 grams of copper, or 108 
grams of silver, etc. 

The unit of quantity of electricity is called the coulomb, 
which is the quantity of electricity conveyed by a current 
^of 1 ampere flowing for 1 second. The number of coulombs 
required to liberate the gram-equivalent of any substance 
is found experimentally to be 96,000. A smaller or a greater 
number will liberate a proportionately smaller or greater 
weight. Faraday’s Laws may therefore be expressed in 

modern terras as follows : 

Fikst Law. The weight of an ion liberated in electrolysis 
is proportional to the quantity of electricity which has 
passed through the electrolyte (t.e. to current x time). 

Second Law. The quantity of electricity required to deposit 
the gram-equivalent of an ion is 96,000 coulombs (or 1 
\ faraday”). 

' The quantity of electricity which flows through the circuit 
is measured by noting the time in seconds and multiplying 
this by the number of amperes of the current as shown by an 
ampere-meter or ammeter connected up in series in the circuit. 
An electrolytic cell is often called a voltameter ; this must not 
be confused with a voltmeter, which is an instrument used for 
' measuring the voltage or’ “ pressure ” of a current. 

In an electrolysis it often happens that the products first 
formed will act upon water or upon one another, so that the 
—products actually obtained may be secondary. Thus, 
when a solution of caustic soda is electrolysed, the primary 
(first-formed) products are sodium at the cathode and the 
hydroxyl group (OH) at the anode. The sodium, however, 
immediately acts upon the water so that the actual product at 
the cathode is hydrogen— 

2Na + 2 H 2 O = 2NaOH -i- H^. 

At the anode, similarly, two hydroxyl groups react together, 
‘ forming oxygen and water— 

20H = HjO + oxygen. 

Hence, the final result of electrolysing a solution of caustic 
soda is that hydrogen is liberated at the cathode and oxygen 
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at the anode. In other words, it appears as though the water 
had been electrolysed, the weight of caustic soda remaining 
constant. The same sort of thing happens in the case of dilute 
sulphuric acid. Here the primary products of electrolysis 
are hydrogen and the “sulphate” group of atoms, SO 4 . T 
The latter groups, however, when liberated at the anode, act 
upon the water present to give sulphuric acid and oxygen— 

2SO4 + 2 K ,0 = 2H,S04 + Oj, 

hence the actual product at the anode is secondary, namely, 
oxygen. 

To take a rather different case, suppose we electrolyse a 
solution of copper sulphate, using a platinum or copper 
cathode and a copper anode. Here the copper particles go 
to the cathode, where they are deposited, while the SO4 
groups at the anode dissolve the latter to form more copper; 

Cu + SO 4 = CUSO 4 . 

The net result of electrolysis in this case is therefore the 
transference of copper from the anode to the cathode. This 
process is used in copper*plating, and similar ones in gold- 
and silver-plating, hence the term “ electro-plate.” 

Details of the electrolysis of water are given on p. 161, 
and of concentrated hydrochloric acid on p. 231. 


Arrhenius’s Theory of Electrolytic Dissociation.—^To 
explain Earaday’s Laws and certain other facts about the^ 
behaviour of solutions, Arrhenius (1859-1927) in 1887 sug¬ 
gested that when electrolytes are dissolved in water they 
immediately split up, more or less completely, into electrically 
charged particles or ions. Thus, on dissolving salt in water. 


Arrhenius’s theory supposes that the sodium chloride molecules 


each split up into a positively charged sodium atom and a 


negatively charged chlorine atom. These atoms, in their 


charged state, have different properties from the same atoms 
uncharged, and are known as sodium ions and chlorine Ums 


respectively: 


NaCl = Na+ -|- Cl" 
or NaCl = Na* + d' 
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Arrhenius further supposed that the charge on each ion was 
numerically equal to its valency, so that if the charge on a 
sodium ion is 1 , then that on a magnesium ion is 2 , since the 
valency of magnesium is 2 ; and that on an aluminium ion 
i4s 3, since the valency of aluminium is 3. Again, a solution 
of sodium sulphate, Na 2 S 04 , would contain two positively 
charged sodium ions, each carrying a charge of 1 unit, for 
every SO 4 or “ sulphate ion ” carrying a negative charge of 
2 units ; 

NajS 04 = Na+ + Na+ + SO 4 -“. 

In every case, the total charges carried by the positive ions 
would be exactly equal to the total charges carried by the 
negative ions, so that the solution as a whole would appear to 
be uncharged. 

You will learn a good deal more about Arrhenius’s theory in 
wour more advanced work. Here, we will just spend a moment 
nn seeing how it explains such a process as the electrolysis of 
copper sulphate solution. According to Arrhenius, as soon as 
copper sulphate is dissolved in water, it splits up as follows : 

CUSO 4 = Cu++ + SO 4 —. 

Suppose we now pour the solution into an electrolytic cell 
and electrolyse it, using copper electrodes. The copper ions, 
being positively charged, are attracted to the negative elec¬ 
trode or cathode. On arrival, their positive charge is neutra¬ 
lized and they then become ordinary copper atoms ; the latter 
•are deposited on the copper cathode, which therefore grows 
thicker. 

For every copper ion discharged at the cathode, a sulphate 
ion, SO 4 , is discharged at the anode. But the SO 4 group of 

atoms, uncharged, is very chemically active, and immediately 
attacks the copper of the anode, converting it into copper 
sulphate : 

SO 4 + Cu = CuSO,. 

' The anode therefore gets smaller. The copper sulphate 
formed round it, however, itself immediately ionizes (i.e. splits 
up into its ions), and the ions then behave in the same way as 
those of the original copper sulphate. You will see that the 
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net result is that copper is transferred from the anode to the 
catliode, as we have learned already on p. 130. 

What would happen if we used platinum electrodes instead 
of copper ones ? Well, the copper ions W’ould still be dis¬ 
charged at the cathode, and the platinum would therefore^ 
become copper plated. At the anode, the discharged SO 4 
ions would find the platinum too tough a proposition even for 
them, and in disappointed rage they would fiercely attack the 
water molecules in the neighbourhood, forming sulphuric acid 
and liberating oxygen : 

2SO4 + 2HjO = 2H2SO4 + Oa. 

Finally, all the copper would have been deposited on the 
platinum cathode, an equivalent weight of oxygen would have 
been set free at the anode, and for every molecule of copper 
sulphate that vanished a molecule of sulphuric acid would 
have been formed instead ! If we now stopped passing thc-^ 
current we should have a solution of sulphuric acid, i.e. a ' 
solution containing hydrogen ions and sulphate ions : 

H,SO, = H+ + H+ + SO,--. 

In a solution of caustic soda, there are sodium ions, Na+, 
and hj'droxyl ions, —OH“. If we were to electrolyse it, the 
sodium ions would be discharge<l at the cathode, and ordinary 
sodium atoms would be formed. These would immediately 
attack the surrounding water, liberating hydrogen : 

2Na + 2 H 2 O = 2NaOH + H^, 

and the sodium hydroxide formed at the same time would 
itself immediately ionize : 

NaOH = Na+ + OH". 

At the anode, the hydroxyl ions would be discharged and so 
converted into uncharged —OH groups. These would attack 
one another, with the formation of water and evolution of 
oxygen : , 

20H = HjO + oxygen. i- 

You will see that, since every OH group corresponds to one 
sodium atom, and every sodium atom to one hydrogen atom 
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at the cathode, the result of electrolysing sodium hydroxide 
solution is the Ifberation of hydrogen (cathode) and oxygen 
(anode) in the proportions by volume in which they occur in 
water. The sodium hydroxide itself is unchanged in weight, 
just as much being left at the end as at the beginning. We 
soy, therefore, that “the water has been electrolysed”: 
though you will understand now that the process is really 
an electrolysis of the sodium hydroxide followed by secondary 
actions of the discharged ions. 

Try to interpret, in terms of ions, the electrolysis of water 
acidulated with sulphuric acid, using platinum electrodes. 

Arrhenius’s Theory and Faraday’s Laws.—In elec¬ 
trolysis, for each positive charge neutralized at the cathode a 
negative charge is neutralized at the anode. Thus, in the 
electrolysis of concentrated hydrochlorine acid, for every 
hydrogen ion discharged at the cathode a chlorine ion is dis¬ 
charged at the anode. Hence, equal numbers of hydrogen and 
chlorine atoms are liberated in any given time, and the 
weights of hydrogen and chlorine are thus in the ratio of 
their chemical equivalents. 

If we electrolyse copper sulphate solution between platinum 
electrodes, a sulphate ion is discharged at the anode for every 
copper ion discharged at the cathode. But, as we have seen, 
every sulphate group immediately liberates an atom of oxygen 
from a molecule of water ; hence for every atom of copper 
set free an atom of oxygen is also set free, and the ratio by 
weight of copper to oxygen is thus the ratio of their chemical 
equivalents (63-6 to 16, or 31-8 to 8 ). 

The same kind of thing is true of all other ions. The ratio 
by weight in which they are liberated is the ratio of the 
quotients of their atomic or “ group ” (e.r;. in SO 4 this is 96 ; 
in —OH 17, etc.] weights divided by their corresponding 
valency. Thus the valency of nickel is 2 and its atomic 
■ weight 59, while the valency of chlorine is 1 and its atomic 
weight 35-5. Hence one nickel atom will be Ni+'*’ and one 
chlorine,atom Cl“, and one nickel ion will be discharged for 
every two chlorine ions discharged. Therefore the ratio by 
weight in which these elements will be liberated is Nickel: 
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, i.e. the ratio of their chemical equivalents. 


Chlorine = 

We see, in short, that if Arrhenius’s theory is true, the 
weights of substances liberated in electrolysis must be in the 
ratio of their equivalents ; for— T 

(а) the equivalent of a substance is equal to its atomic 

(or “group ”) weight divided by its valency; 

(б) the valency of a substance is numerically equal to the 

number of charges it carries when it is in the form 
of an ion ; 

(c) substances are liberated in such a way that equal 
numbers of positive charges and negative charges 
are neutralized in the same time. 

Hence, if we have x ions of a univalent element A discharged 

in the same time as ^ of a bivalent element B, and if the^ 

atomic weights of A and B are m and n respectively, then 
weights of A and B liberated in the same time are in the ratio. 

2m 


mx 

nx 

~2 


n 


m 

But the ratio of the equivalents of these elements is . 

n n 

2 

Again, the same current flowing for the same time will 
clearly be able to discharge the same number of charges ; 
hence the weight of a substance liberated in electrolysis will 
be proportional to the quantity of electricity that has passed. 
This is, of course, another of the facts discovered by Faraday. 

Lastly, we saw on p. 129 that Faraday showed that the 
gram-equivalent of any substance was liberated by the passage' 
of 96,000 coulombs. Arrhenius’s theory explains this experi-,^ 
mental fact in the following way : 

96,000 coulombs liberate 1 gram of hydrogen. *Let the 
number of atoms in 1 gram of hydrogen be x. Then 
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allow the excess of salt to settle until the solution above 
is perfectly clear. Meanwhile, carefully weigh a clean dry 
porcelain dish, and clean and dry a 20 c.c. pipette. 

Now fill the pipette with the clear saturated solution, 
^ taking care not to suck up any of the solid salt at the bottom. 
Run the solution from the pipette into the weighed dish, 
and weigh again. Take the temperature of the rest of the 
solution in the beaker. 

Set the dish with the solution on asbestos gauze on a tripod, 
and evaporate gently so as to avoid spirting. When all the 
water appears to have been driven off, allow the basin and 
salt to cool in a desiccator and then weigh. Heat again for a 
few minutes, cool, and re-weigh. Continue this process until 
the weight is constant. You will then have the following 
weights • 

y (ii) Weight of basin -{- solution — y grams 

(0 »» •> — X ,, 


(iii) Weight of solution = y — x grams 


(iv) Weight of basin and salt 

(i) 


z 

X 


grams 


/. (iv) Weight of salt. = z — x grams. 

Therefore weight of water which has dissolved this weight of 
salt = {y — x) — {z ~ x) = y — z grams. 

Then, if 


y — z grams of water dissolve 


100 




f» 




z — z 

{z ~x) X 100 

iy — 2) 


grams of salt. 


>9 ft 


and this is the solubility of salt at the temperature, C., 
of your experiment. 

> (Note that it is not necessary to run out exactly 20 c.c. or 
any other definite volume of the solution, since the weight of 
water is found by direct weig hing ,) 

To determine solubilities at temperatures considerably above 
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room-temperature, it is necessary to take precautions in 
transferring the solution to the basin, since solid may begin to 
separate. For details you should refer to your practical 
textbooks. 

Supersaturation.—If a hot saturated solution of a sub¬ 
stance which is more soluble in hot water than in cold is 
allowed to cool, as a rule the excess of solid crystallizes out 
and is deposited. Occasionally, however, if the solution is 
kept quite still and free from dust, etc., while it is cooling, 
crj'stallization of the excess of solute does not occur. The 
cold solution, then, contains more of the solid than it is properly 
entitled to. Such a solution is said to be supersaturated. A 
supersaturated solution is generally unstable, and will deposit 
its excess of solid if it is shaken, or—better still, if a tiny 
crystal of the solid is introduced. Supersaturation, indeed, 
cannot exist if the solution is in contact with the solid solute, 
BO that in making determinations of solubility we always take 
care to use excess of the solute and thus avoid the possibility 
of supersaturation. 

The phenomenon of supersaturation and the deposition of 
the excess of solute on addition of a crystal of the solute to the 
supersaturated solution, can easily be studied in the case of 
sodium thiosulphate (photographers’ “ hypo ”). 

Fractional Crystallization.—If two solutes have very 
different solubilities in a given solvent, they may be more or 
less completely separated from one another by the process of 
fractional crystallization. 

Suppose we consider the case of a mixture of equal weights 
of common salt and potassium nitrate, and assume (what is 
not actually the case) that the solubility of one salt in water 
is not affected by the presence of another. Solubility curves 
show that, while salt is not much more soluble in hot water 
than in cold, the solubility of potassium nitrate increases very 
rapidly with rise of temperature. Suppose we took 100 grams 
of the mixture and added 50 c.c. of boiling water. Now 
50 c.c. of boiling water dissolve more than 50 grams of salt¬ 
petre, for 100 c.c. dissolve 170 grams even at 80°. Hence all 
the saltpetre will dissolve. 

^ The curves show us that 100 c.c. of boiling water dissolve 
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practically 40 grams of salt, 50 c.c. will dissolve 20 grams 
of salt. Hence, since there are 50 grams of salt in the 100 
grams of mixture, we shall ha»ve 30 grams of salt left un¬ 
dissolved. The solution will contain all the potassium nitrate 
’ and 20 grams of the salt. If wo pour it off and allow it 
to cool to 20® C., what will happen ? 

At 20° the solubility of saltpetre is 32, and that of salt is 30. 
Hence, at this temperature 50 c.c. of water can hold 16 grams 
of saltpetre and 18 of salt. Therefore 34 grams of saltpetre 
and 2 grams of salt will be deposited. To free this saltpetre 
from its slight admixture with salt we could wash it with a 
little ice-cold water, for salt is much more soluble than salt¬ 
petre at 0®. 

In this way we should have been able to effect a separation 
of salt from saltpetre. The process is kno^vn as fractional 
crystallization, since the solute is crystallized out, not all at 
, once, but in fractions. Fractional crystallization, of a more 
^ elaborate kind than that described here, is a very useful method 
of pimifying various compounds, and is extensively used both 
in the laboratory and in commercial chemistry. 


Crystals 

Solid substances formed by solidification from the liquid 
(or gaseous) state, or by evaporation of their solutions, almost 
always take up perfectly definite shapes which are char- 
' acterized by having plane faces and generally by being 
symmetrical. We say that a thing is symmetrical when it 
can be divided into halves by one or more planes in such a 
way that one-half is related to the other as an object is to 
its image in a mirror. 

These regularly-shaped and usually symmetrical bodies are 
called crystals. A few solid substances, such as glass and 
charcoal, form fragments with no definite shape ; such sub- 
^ stances are said to be amorphous (Greek, without form). It 
should be noted that substances may sometimes be crystalline 
without exhibiting regular external shape, e.g. native dia¬ 
mond. Although “ crystallography ” has developed into an 
independent science, yet every chemist ought to know some- 
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thing about those wonderful structures which he handles 
every day. 

Let us first examine a little more closely the difference 
between crystalline and amorphous substances. The latter, 
such as glass, are irregular in shajDe, and, when broken, form i 
pieces with curved faces. Crystals, on the other hand, are 
regular in shape, and, when broken, form pieces with plane 
faces which meet in sharp edges. A further point of great 
importance is that the different crystals of a given sub¬ 
stance are all similar to one another in a very striking 
feature, viz. the angles between corresponding faces of the 
crystals are always the same. 

A crj-^stal may therefore be defined as a solid substance 
bounded by plane faces at definite angles to each other, and 
splitting, when struck, along definite planes. It has a “ crys- 
. talline ” fracture, and is therefore unlike an amorphous 
substance, which has a “ conchoidal fracture,” i.e. gives t 
fragments with curved surfaces. \ 

The smallest crystal of a substance has essentially the same 
form as the largest. The latter is, indeed, formed by the 
growth of a smaller one. The molecules in a crystal are 
arranged in a definite pattern, which differs in different crystals, 
but is the same in all crystals of the same substance. Since 
crystals grow by the deposition of more and more layers of 
molecules on their faces, it is easy to understand why they 
always have a definite shape. j 

Although there are very many different crystalline forms, 
they can all be grouped into six systems, which are called the 
regular, tetragonal, hexagonal, rhombic, monoclinic and triclinic. 
These names may prove a little forbidding, but you should 
make a special effort to learn them, and the chief character¬ 
istics of the groups they denote, for you will find this know¬ 
ledge of great value. 

In order to describe a crystal geometrically, three, or 
sometimes four, lines or axes (singular, axis) are imagined ^ 
within it. These axes intersect at a point inside the crystal, 
and the form of the crystal can be worked out if the relative 
lengths of the axes, and the angles at which they cut one 
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another, are known. The various classes of crystals, then, are 
characterized by th^ number, relative lengths, and mutual 
inclination of these crystallographic axes. * 

^Systems of Crystals. 

1. Regular.—In this system the crystal has three axes 
equal in length and at right angles to one another (Fig. 35). 

Examples. —Cube (e.g. common salt). Octahedron {e.g. 
alum). 


Fio. 35. 

(Axes in thick lines.) 

2. Tetragonal.—Here the crystals have three axes all 
meeting at right angles, but one is longer or shorter than the 
other two. 

Example.— Bi-pyramid or tetragonal prism (Fig. 36). 



36. Fio. 37. 


3. Hexagonal.—Here the crystals have four axes, three 
' ^ of which are equal, in the same plane, and intersect at an 
angle of 60 degrees, while the fourth is longer or shorter than 
the other three, which it meets at right angles. 

Ex amp les. —Hexagonal bi-pyramids (such as calcite, 
CaCO,), hexagonal prisms (such as quartz, SiO,) (Fig. 37)* 
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4. Rhombic.—The crystals of this 
system have three unequal axes all 
at right angles. Many forms of crys¬ 
tals are included in the rhombic sys¬ 
tem. For an example, see the drawing 
of a rhombic sulphur crystal on p. 293. 
Another form is shown here (Fig. 38). 



Fio. 38. 


r 


5. Monoclinic.—Monoclinic crys¬ 
tals have three axes all of different 
lengths. Two of them cut at an 
oblique angle, while the third is at 
right angles to the plane of the first 
two. 

Examples. —Washing-soda, cane- 
sugar, oxalic acid, monoclinic sul¬ 
phur (p. 293), gj'psura (Fig. 39). 

6. Triclinic.—Here the crystals have three axes, which are 
all unequal in length and cut one another obliquely (Fig. 40a). 

Examples. —Potassium dichromate (Fig. 40b), copper sul¬ 
phate. 

In the laboratory you will carry out experiments on the 
growth of crystals, and you will be shown how to measure 



FiO. 39.—Crystal of 
Gypsum (CaS0«.2H,0). 



Fio. 40 a. Fio. 40b. 

Crystal of Potassium dichromate. 


the angles between their faces. Meanwhile, you should 
learn Hauy’s Law (1801)— Every crystalline element or 
compound has a definite form characteristic of that substance^ 
and Guglielmini’s statement (1688), that the angles between 
similar faces of crystals of the same substance are exactly the 
same, and are characteristic of that substance. 
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Isomorphism.—Very often we find that different, but 
chemically similar, substances crystallize in the same form ; 
they are then said to be isomorphous. For example, calcite 
(CaCOa), siderite (FeCOg) and calamine (ZnCOs) all form 
trigonal crystals of the same shape ; these three minerals are 
therefore isomorphous with one another. The existence of 
isomorphism may seem to contradict the generalizations of 
5auy and GugUelmini given above, but, as a matter of fact, 
the crystals of isomorphous substances are never exactly alike 
except in the regular system. Thus, in the case mentioned, 
the angles between corresponding faces in calcite, siderite, 
and calamine, are as follows : 


Substance. 
Calcite, CaCO, 
Siderite, FeCOj 
Calamine, ZnCOg 


Angle. 
105° 5' 
107° 0' 
107° 40' 


» ■* 

Mitscherlich’s Law of Isomorphism.—The chief facts 
about isomorphism w’ere summed up by Mitscheklich in 
1819, who said that compounds of the same class which have 
similar constitutions crystallize in the same form (Mitscherlich’s 
Law). By “ compounds of the same class ” we mean, for 
example, nitrates, or chlorides, or sulphates, or (as in the 
example above) carbonates, etc. 

Applied in the reverse way, this law is useful in the deter¬ 
mination of atomic weights, for it is assumed that compounds 
' of the same class which crystallize in the same form have 
analogous constitutions. For example, suppose we were 
investigating the atomic weight of chromium, and that we 
had already determined its equivalent. We should then be 
trying to find its valency. Now when potassium sulphate 
and aluminium sulphate, in the proportion of 1 molecule of 
one to 1 of the other, are dissolved in water together, and the 
solution evaporated to crystallization, they combine together 
\ and crystallize out as a compound called alum, which forms 
beautiful crystals whose form can be very easily measured. 
If potassium sulphate and chromium sulphate are mixed in 
solution and the solution then evaporated to crystallization, 
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it is possible to get crystals of a “ chrome aimp which are 
isomorphous with those of ordinary alum. According to 
Mitscherlich’s Law, we are able to conclude that since 
chromium has replaced aluminium in alum, giving rise to an 
isomorphous chrome alum, chromiiim and aluminium have 
the same valency, otherwise the constitutions of these two 
isomorphous compounds of the same class would not be 
analogous. Hence, if we know that the valency of aluminium 
is 3, we may justifiably conclude that the valency of chromium 
is 3, and from this and the equivalent we can get the atomic 
weight. 

Qubstions 

1. Define the terms solvbilityf solvent^ solute, saturated^ supersaturated. 

2. Why is it important to state the temperature when giving the 
solubility of a substance in water ? 

3. Construct solubility curves for the following substances from the 
data given below : 


Temperature. 

D 

10 

20 

30 

40 ^ 

50 


70 

80 



Solubility of substance— 
Sotfium niiruU. . . « 

72 5 

SO 

86 

04 

102 

in-5 

122 

134 

150 

162 

180 

Potest iutn chioraU 

4 

5 

7 

10 

12 

20 , 

20 

32 

39 

47 

■il 

AUim . 

4 

e 

15 

22 

32 

45 1 

62 

96 

130 



Copper sulpkaU crysiaU . 

32 

30 

42 

49 

57 

1 

66 ^ 

76 

95 

1 

117 


1 


4» Describe a method of determining the solubility of potassium 
chlorate in water at room temperature. 

6. What do you mean by fractional crystallization ? Of what use 
is this operation ? 

6. Refer to the solubility curves you have made in answer to Q* 3, 
and say how you would attempt to separate potassium chlorate from 
sodium nitrate, given a mucture of the two. 

7. What is a crystal ? How does it difier from an atnorplious sub¬ 
stance ? 

8. Define the terms conchoidal fracture^ crystallographic axis^ iso^ 
morphism. 

d. State Hauy's Law. 

10. What use can be made of the phenomenon of isomorphism in 
the determination of atomic weights 7 

11. Mention the main characteristics of the six groups of crystal 
structure. 




















CHAPTER XII 


CATALYSIS AND CHEMICAD CHANGE 

Catalysis.—In the laboratory preparation of oxygen, it 
is customary to use potassium chlorate as a source of the 
gas— 

2 KCIO 3 = 2KC1 + 3 O 2 . 

In order to get potassium chlorate to split up into potas- 
* sium chloride and oxygen, a high temperature has to be 
employed. If, however, a little manganese dioxide is mixed 
with the potassium chlorate, the decomposition occurs much 
more readily. The manganese dioxide, which has brought 
about this remarkable change in the speed of the reaction, 
is left unchanged at the end. To prove this, you could start 
with a known weight of manganese dioxide, and recover and 
weigh it afterwards. When the action is over, the residue 
consists of a mixture of potassium chloride and manganese 
- dioxide ; now the former substance is soluble in water, while 
the dioxide is insoluble. Hence by stirring the residue with 
water and filtering, the manganese dioxide wiU be left on the 
filter-paper. If it is washed, dried and weighed, it will be 
found to weigh exactly the same as it did originally, except, 
of coiuse, for the small error due to experimental inaccuracy. 

The action of manganese dioxide on the decomposition of 
potassium chlorate is not an isolated phenomenon. Many 
^ chemical reactions can be hastened, and many can be retarded, 
by the addition of small quantities of substances which are 
left xmchanged in mass and in chemical composition at the end 
of the reaction. This phenomenon is called catalysis, and the 
substances which bring it about are called catalysts or catalytic 
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agents. Catalysts which increase the speed of a reaction 
are called positive catalysts ; those which retard an action 
are called negative catalysts. Positive catal3’st3 are much 
more common than negative catalj’sts, hence “ catalj’st ” 
generallj' means positive catalyst, just as we write a for + a. 

OsT^VALD compared the action of a catalyst upon a chemical 
reaction to that of oil upon a machine. The similarity is, 
in fact, very great as we can see from the following points : 

(i) The catal\'st is left unchanged in weight and in chemical 
composition after *the reaction : lubricating oil is not con.- 
sumed by lubrication although it may be scattered and lost 
in this and other waj’^s. 

(ii) The addition of a catal^’st affects the speed of the 

reaction only, not the products ; similarlj’, if oil be added 
to a machine making paper bags, the machine will continue 
to make paper bags and not packets of cigarettes. i 

(iii) Within certain limits, the more catalj'st is added, the , 
greater its effect : the same is true of oil. 

(iv) A catalyst will not start a reaction as a rule, and in no 
cas^unless the action is potentially possible : it is of no use 
adding oil to a machine if the necessary driving force is absent. 

(v) A catalyst may be either positive or negative : axle- 
grease will increase the speed of a rail way-truck, but would 
probably retard the action of a watch. 

(vi) A substance which is a catalyst in one reaction may 
not be a catalyst in another reaction in which it is used {e.g. 
manganese dioxide in (a) decomposition of potassium chlorate 
and (b) oxidation of hydrochloric acid to chlorine) ; similarly, 
the same oil which is a “ catalyst ” when used for lubrication 
may be converted into margarine and used for food. 

Many examples of catalysis are known, and it is interesting 
to learn that the idea is extremely ancient. We find it in 
a great number of the early chemical books,' even as far back 
as the third and fourth centuries of our era. The alchemists ^ 
believed that a minute portion of a wonderful substance called 
Elixir would convert an unlimited quantity of mercury or 
lead into gold. Thus the (probably legendary) Jewish 
woman-chemist, Mary—said to have been the sister of Moses 
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—hopefully declares ‘‘ one dram of it is sufficient for all [the 
lcad'\ which lies between the East and the West” Mary has a 
further claim to our respect, for it is she who is supposed to 
have invented that essential piece of chemical apparatus, the 
V water-bath, which to this day the French call bain-marie. 
The earliest recorded authentic example of catalysis is that 
of yeast upon dough. 

Up to the present no completely satisfactory explanation 
of catalysis has been suggested. It is probable that the 
mechanism of the process may differ in different cases. The 
first scientific investigation of catalysis was made by Kirchhop 
in 1811, while the actual word (from kata, down, and luo, I 
unloose) was introduced by Berzelius in 1845. The well- 
khown catalytic action of platinum upon a mixture of sulphur 
dioxide and oxygen, which is the basis of the contact process 
for the manufacture of sulphuric acid, was patented in 1831 
* by Peregrine Phillips, a vinegar manufacturer of Bristol. 
Of late years, catalysis has increased in importance extremely 
rapidly, not only in the laboratory, but also in the large 
chemical factories. 

Examples of catalysis discussed in this book are ; 

(i) The action of manganese dioxide on the decomposition 

of potassium chlorate by heat (see above, and p. 172). 

(ii) The use of copper chloride in Deacon’s process for the 

manufacture of chlorine, p. 220, 

(iii) The use of oxides of nitrogen in the lead-chamber process 

for the manufacture of sulphuric acid, p. 305. 

(iv) Catalytic combination of sulphur dioxide and oxygen 

by means of platinized asbestos, p. 308. 

(v) Catalytic decomposition of hydrogen peroxide by means 

of finely divided metals, p. 204. 

(vi) Catalytic combination of hydrogen and bromine by 

means of a white-hot platinum spiral, p. 236. 

(vii) Catalytic oxidation of ammonia by means of a hot 
^ platinum spiral, p. 271. 

(viii) Catalytic union of nitrogen and hydrogen by means of 

iron containing molybdenum, p. 258. 

Note also (a) that the enzymes mentioned on p. 343 act 
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catalytically ; and (b) that many substances when absolutely 
dry will not react together, whereas in the presence of even 
a trace of moisture reaction takes place at once. Thus dry 
ammonia has no action on dry hydrogen chloride. In these 
reactions water may be said to act as a catalyst. ^ 

Rate of a Chemical Change.—Although many chemical 
reactions are instantaneous (e.y. neutralization of an acid by 
a base), a great number of them require a considerable time 
and do not go to completion immediately. Thus, when zinc 
is placed in dilute sulphuric acid, it dissolves gradually —it 
does not all vanish at once. If we heated the acid we should 
find that the zinc dissolved more rapidly, while if we cooled 
it the solution would take place more slowly. It is clear, 
then, that the rate at which a chemical change takes place 
is a subject worth investigating, and it has, in fact, been 
inve.stigated by a great number of different chemists during i 
the last 150 years. The main facts which have emerged 
from their researches are discussed in what foUows, but we 
must first settle exactly what we mean by the rate of a chemi¬ 
cal reaction. 

In order to measure the rate at which a chocolate packer 
is working, we count the number of boxes she fills in a given 
time. In the same way, wo can measure the rate of a chemical 
change by finding what weight of the product or products 
of the reaction is produced in a given time, or, alternatively, 
by finding what weight of the original substance or substances,^ 
is changed in a given time. For instance, suppose we took 
some zinc and added it to dilute sulphuric acid. We might 
find that, say, 150 c.c. of hydrogen were given off per minute. 

If we heated the mixture, the volume of hydrogen given off 
in a minute might increase to 450 c.c., in which event we 
should say that the rate of the change had been trebled. 
This method is quite satisfactory, but if you think about it, 
you will see that it is not yet definite enough. If we got ^ 
150 c.c of hydrogen per minute, at a given temperature, by 
adding x grams of zinc to an excess of dilute sulphuric acid, 
we should get 300 c.c. per unit, at the same temperature, if 
we started with 'Zx grams of zinc instead of x grams. 
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Hence it is better to measure the rate of a chemical change 
in terms of the proportion of the total weight of the original 
substance or substances changed in a given time. 

'Factors which affect the Rate of a Chemical Change. 

(i) Rise of Temperature. —The rate of every chemical reac¬ 
tion is increased on rise of temperature and decreased on fall 
of temperature. The extent of the change varies somewhat 
in different reactions, but it is roughly true to say that the 
rate of a chemical change is approximately doubled by a rise 
in temperature of 10® C. 

(ii) Alterations of Pressure. —Where no gases are concerned 
in the reaction, the rate of the latter is scarcely affected by 
change of pressure, but in actions between, or resulting in 
the formation of, gases, the pressure may play a very import¬ 
ant part. Increase of pressure, by bringing the molecules 

^closer together, increases the rate of the reaction. This is 
what would be expected. 

(iii) Concentration of the Substances Concerned. —Concen¬ 
tration and dilution in the case of gases correspond to high 
pressure and low pressure. We have seen that increased 
pressure increases the rate of a gaseous reaction; in exactly 
the same way, the rate of reactions between or in liquids is 
directly proportional to the concentration of each of the sub¬ 
stances concerned. This fact, and that mentioned under (ii), 
may be summed up in what is known as the Law of Mass 
Action, or Guildbebo and Waage’s Law after its dis¬ 
coverers : 

The rate of a chemical change at a given moment is directly 
proportional to the concentrations at that moment of the sub¬ 
stances taking part in the change. The concentration for this 
purpose is usually expressed in gram-molecules per litre, and 
is then called the active mass of the substance. 

, (iv) Presence or Absence of a Catalyst. —This has been dis¬ 
cussed above. 

(v) Presence or Absence of Moisture. —This may be included 
under (iv). 

(vi) Presence or Absence of Light. —In a few cases', reactions 
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take place much more quickly in the light than they do in the 
dark. Thus a mixture of hydrogen and chlorine combines 
only very slowly in the dark, but in bright sunlight it may 
explode. Similarly, white silver chloride remains unchanged 
in the dark, but on exposure to light it gradually turns purple' 
and is finally changed into metallic silver, partly, at any rate. 

Reversible Reactions.—^If steam be passed over heated 
iron, iron oxide (magnetic oxide, FejOa) and hydrogen are 
formed— 

(i) 3Fe -f- dHjO ^ FcsO^ -|- dHs. 

But if we pass h 3 'drogen over heated iron oxide, we shall 
find that steam is formed and iron left— 


(ii) Fe^O* + 4 H 2 = 3Fe + dH^O. 

The reaction between iron and steam, or between iron oxide 
and hydrogen, is therefore said to be reversible, and to indicatei 
this reversibility we usually write the equation with the sign 
^ instead of the sign of equality— 

3Fe -f- dHjO ^ Fe 304 -f" 4H2. 

The puzzle of the above reactions may be explained by the 
fact that in the fiu'st case the hydrogen is swept away, by the 
current of steam, as soon as it is formed, while in the second 
case the steam is swept away by the current of hydrogen. 
The reverse actions, therefore, have no opportunity to take 
place. What will happen if some iron and steam are heate^ 
together in a closed vessel ? Experiments made to test this 
showed that at first iron oxide and hydrogen were formed, 
but that after a time no further change could be detected, 
although some of the iron and some of the steam wore still 
left. However long the vessel is kept, at the same tem¬ 
perature, the composition of the mixture inside remains 
unaltered ; in other words, a state of equilibrium has been 
reached. As, however, steam and iron, and iron oxide and 
hydrogen are present, chemical reactions must stUl be goin^ 
on, and the equilibrium is therefore explained by assuming 
that as much steam is formed in a given time as is decom¬ 
posed in that time ; that is, the speed of the one reaction is 
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equal to the speed of the other, and the equilibrium is a 
kinetic equilibrium. 

When, in a reversible reaction, the conditions are so arranged 
that both the forward and the backward reactions are pro- 
' ceeding at the same speed, and equilibrium is thus established, 
the action is called a balanced action. 

Many reactions are reversible, and it is possible that if we 
could produce the right conditions, all would be so ; but, 
in the present state of our knowledge, to reverse the majority 
of chemical actions is not within our power. Hence it is 
convenient to distinguish between reversible and irreversible 
reactions. 

Examples of reversible reactions. 

(i) If concentrated hydrochloric acid is poured on anti* 
mony sulphide, hydrogen sulphide and antimony chloride are 
formed— 

' Sb^Sa + 6HC1 = 2SbCla + SH^S. 

If, however, hydrogen sulphide is passed through a solution 
of antimony chloride, the reverse reaction takes place, and 
antimony sulphide is precipitated. 

(ii) If a mixture of 2 volumes of hydrogen and 1 volume 
oxygen is ignited, an explosion occurs and steam is formed— 

2Hj + 02 = 2 H 2 O. 

But if a stream of steam is passed over a white-hot platinum 
. wire, some of the steam is split up again into hydrogen and 
oxygen. 

(iii) “ Dissociation ” is a reversible reaction (see pp. 24i 
and 268). 

(iv) The decomposition of calcium carbonate by heat, 
'•'^hen calcium carbonate (limestone, chalk or marble) is 
heated, it splits up into quicklime and carbon dioxide— 

CaCOj = CaO + COa. 

If the carbon dioxide is allowed to escape, the reaction goes 
to completion. 

When carbon dioxide is passed over quicklime, calcium 
carbonate is formed, CaO + COj = CaCOs. 
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The reaction is therefore reversible, and may be written— 

CaCOj ^ CaO + CO^. 

When calcium carbonate is heated, in a closed vessel, the 
rates of the two opposing reactions finally become equal, ^ 
and equilibrium is attained. It has been found that, at a ' 
constant temperature, the pressure of the carbon dioxide 
in this experiment (as shown by a manometer attached to 
the vessel) is constant. 

Very often in practice the fact that a reaction is reversible 
is somewhat of a nuisance, as we may desire to get the pro¬ 
ducts of the forward change free from the substances we 
started with. Well, we can often alter the conditions so as 
to favour the one reaction at the expense of the other. Thus, 

. in (iv) above, if we heat the limestone in the open air, the 
carbon dioxide goes off as fast as it is formed, so that the ; 
reverse change cannot take place. Similarly, in getting iron ] 
oxide from steam and iron we should take care to have a 
good current of steam so as to drive away all the hydrogen 
as soon as it was formed. In short, in order to get one action 
of the two, in a reversible change, to proceed to completion, 
we may— 

(i) Remove one of the products of the change from the 
sphere of action as soon as it is formed ; or 

(ii) In the case of a reaction such as A + B C + Bi 
in which we want to get all the B converted, we could greatly 
increase the concentration of A. This would leave no oppor- 
tumty for B to avoid meeting A, and so it would all be changed. 

As an example of the second method, we may consider the 
synthesis of sulphur trioxide from sulphur dioxide and oxygen ■ 
in the presence of heated platinized asbestos as a catalyst 
(p. 308)— 

2S0, + 0,^2S03. 

On the commercial scale, the valuable substance started ^ 
with is the sulphur dioxide, since the oxygen is atmospheric 
and therefore costs no more than the expense of the labour 
used in dealing with it. Now, what the manufacturer wants 
to do is to get all his sulphur dioxide converted into the tri- 
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since the valency of hydrogen is 1, the number of 
charges neutralized by 96,000 coulombs is a; x 1, i.e. x. 
Suppose we have now an element A, of atomic weight 63-6 
and valency 2. Then in 63-6 grams of A there will be 

X atoms of A, and in the gram equivalent of A 
there will be ^ atoms. But each atom will, as an ion, 

* A 

carry two charges, %ince its valency is 2. Therefore 

atoms will carry ^ x 2 = x charges. These can be 

neutralized by 96,000 coulombs, but as they are carried 
by the gram-equivalent of A, 96,000 coulombs will 
liberate this weight of A in electrolysis : which is what 
we set oyt to prove. 



Qubstjons 

1. What is a voltameter t 

2» Explain the terms electrolyte, non •electrolyte, anode, cathode, 
electrode, cation, anion, coulomb, faraday, 

3. State Faraday's Laws of Elecirolyats. 

4. The same quantity of electricity which deposits 3*53 grams of a 
metal in an electrolytic cell will liberate 453 c.c. of hydrogen, collected 
over water at 18^ C. 763 mm. What is the equivalent weight of the 
metal t 

6. Explain the electrolysis of 

(a) copper sulphate solution between copper electrodes, 

(b) „ ,, ,f „ platinum ,, 

(c) acidulated water, 

{d) potassium sulphate solution between platinum electrodes, 
in terms of Arrhenius's theory of ions* 

6. How are Faraday's Laws explained by Arrhenius's theory t 




CHAPTER XI 


SOLUBILITY 


If we add a pinch of salt to a cupful of water, the salt 
gradually disappears. We say that it has dissolved in the 
water, and the resulting liquid is called a solution of salt. In 
the same way we can make aqueous solutions {i.e. solutions in 
water) of many other substances, such as sugar, copper 
sulphate, saltpetre, and sal-ammoniac. If, we took petrol 
instead of water, we should find that we could not dissolve > 
salt or copper sulphate in it, but that we could easily make a 
petrol solution of, say, paraffin-wax. In other words, salt 
and copper sulphate are soluble in water but insoluble in 
petrol. Paraffin-wax, on the other band, is soluble in petrol, 
but it is insoluble in water. 

A solution, then, consists of two parts—a liquid to do the 
dissolving, and a substance which is dissolved. The former 
is called the solvent and the latter the solute — 


Solution 


Solvent 

Solute 


Generally, the solute is a solid, but it may be a liquid or 
even a gas. Thus soda-water is a solution of carbon dioxide 
in water, while ordinary river-water and sea-water contain 
dissolved oxygen and nitrogen. 

To go back to the solution of salt in water. If we have a 
definite volume of water, say, 100 c.o., we cannot dissolve 
in it an unlimited weight of salt. If we go on adding salt. 
little by little, we ^hall find that after a time no more will 
dissolve. Further addition results merely in the excess of 
salt sinking to the bottom and remaining there as a solid. 
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When a solttiion will dissolve no more of the solute it is said to be 
saturated ; weaker solutions, which have not yet reached this 
stage, are called unsaturated. 

Further investigation would show us that 100 c.c. of hot 
water require rather more salt, before the solution is satur¬ 
ated, than do 100 c.c. of cold water. That is, salt is some¬ 
what “ more soluble ” in hot water than in cold. When 
talking about the solubility of a substance in water, we there- 
fore have to state the temperature at which the solubility 
is measured. In order to get a standard for comparison of 
the solubilities of different substances, we define solubility 
in the following way : 

Solubility. —The solubiUti/ of a substance in a ffiven solvent 
at a particular temperature is the maximum weight in grams of 
the substance which 100 grams of the solvent will dissolve at that 
particular temperature.^ 

The solubility of a substance in water is therefore the 
maximum number of grams of the substance which can be 
dissolved in 100 grams of pure water at the temperature 
concerned. 

Solubility of Saltpetre (Potassium Nitrate) in Water. 

_Experiments made on the solubility of saltpetre in water 

at different temperatures have given the following results : 

T«mperature in • C. . . O 10 20 30 40 60 60 70 

Solubility . 13 20 32 45 63 85 110 140 

(t.e. grams of saltpetre in 100 

grains of water.) 

In order to be able to see at a glance how the solubility of 
a substance varies with the temperature, it is convenient to 
plot the solubility against the temperature, on squared paper, 
and so construct a solubility curve. Thus, taking the figures 

‘‘Strictly speaking, we ought to add to this definition the phrase 
“ in presence of excess of the solid substance." This is because, under 
special conditions, “ supersaturated ” solutions of certain substances 
mey be formed (cf. p. 140). These contain more of the dissolved 
solute than corresponds to true saturation, but the excess of solute 
is at once deposited if a crystal of the solid is added. A super¬ 
saturated solution cannoi be formed as long as any of the solid solute 
is present. 
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Nh. 

given in the table above, we can make the solubility curve 
for potassium nitrate (Fig. 34). 

This curve shows us that the solubility of potassium nitrate 
(saltpetre) increases rapidly and regularly with rise of tem¬ 
perature. It also enables us to estimate the solubility at 
temperatures intermediate between those at which it was 
actually determined : thus, at 48° we see that Jhe solubility 



Fio. 34.—Solnbility Curve of 
Saltpetre. 


is 80. 

Other solubility curves are 
given in books of reference, 
whence you will see that the 
solubility of salt does not in¬ 
crease much with rise of 
temperature. All the sub- 
stances you are likely to 
meet are more soluble in hot 
water than in cold, and this 
is true of the vast majority 
of compounds. A few, how¬ 
ever, are Uss soluble in hot 
water than in cold; if we 
take a cold saturated solution 
of such a substance {e.g. cal¬ 
cium but 3 n*ate) and heat it, 
we shall ^d that solid separ¬ 
ates out, as would be ex¬ 
pected. 

Determination of the 
Solubility of a Solid in 


Water.—Accurate determination of the solubility of a sub¬ 
stance in water is a matter of some difficulty. A rough 
method for finding it in the case of salt at ordinary tem¬ 
peratures is described below :— 


Take a clean beaker and in it put about 50 e.o. of distilled 
water. Add pme salt, a little at a time, and stir well after 
each addition. Continue adding salt until there is a level 
teaspoonful or so which will not dissolve but sinks to the 
bottom and remains there. Stir well again for 5 minutes, then 
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oxide, It is not convenient to remove the trioxide as soon 
as it is formed, so he has to adopt another method. If the 
rate of the forward reaction, 280^ H- Oj—► 2 SO 3 , can be 
greatly increased, without increasing the rate of the back- 
’ wajd reaction, this would increase the proportion of trioxide 
at equilibrium, but would not necessarily ensure the con¬ 
version of all the dioxide. To bring about the latter, the 
manufacturer takes care to mix his sxilphur dioxide with far 
nlore than the calculated volume of oxygen. This means 
that every sulphur dioxide molecule has swarms of oxygen 
molecules around it, and simply cannot help changing into 
the trioxide. 


Questiohs 

1. DcBne catahj^a. 

2. The action of a catalyst upon a chemical reaction has been com¬ 
pared to that of oil upon a machine. How far do you think this 
comparison is justified ? 

3. Mention six chemical reactions in which a catalyst is commonly 
employed, giving the name of the catalyst in each instance. 

4. What does the word catalysis mean, by derivation ? 

5. What are the main factors which afiect the rate and extent of 
a chemical change ? 

6. What do you mean by a reversible action ? Give examples. 

7. What is the Law of Maes Action ? 

8. How would you define rate of a chemical reaction 7 

9. The action of steam upon iron is said to bo rovorsible. What 
is meant by this statement T What would happen if some iron and 
steam were heated in a closed vessel ? 

10. How may one reaction, in a reversible change, be made to go. 
practically to completion ? 


CHAPTER XITI 
HYDROGEN 


Note. —When you are beginning the study of chemistry 
you—very naturally—often do not know which things are 
really important and which are only secondary. It is, of 
course, over this matter that a teacher’s help is of greatest 
value, but in your private reading you will find the following 
points of assistance : 

(i) When you meet with an clement for the first time, learn -! 
by heart its symbol, atomic weight, valency (and atomicity in 
the case of a gas). 

(ii) Next learn— 

(а) How to prepare it in the laboratory ; 

(б) „ ,, pure, if the method in (a) gives 

only an impure product ; 

(c) Its chief physical properties ; 

(d) „ „ chemical „ 

Commit to memory the equations in (a) and (6). _ 

(iii) If early work on the element had a great influence upon 
the development of chemistry, you must learn the chief facts 
about its history {e.g. hydrogen and oxygen). 

(iv) In the case of a compound, learn— 

(а) Its formula ; 

(б) Its equivalent (after a time you can omit to do 

this, as you will be able to calculate it from the 
formula); 

(c) How to prepare it in the laboratory; 

(d) How to purify it if necessary; 

(c) Its appearance and any striking physical properties; 

(/) Its chief chemical properties. 
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Equations must be learnt in (c), and as many as possible 

in if)- 

(v) Methods of settling the formulae of compound gases 
should always be committed to memory. 

(vi) If the substance—element or compound—is important 
commercially, you must know an outline of the commercial 
method of obtaining it. 

Hydrogen 

Symbol: H ; Valency : 1 ; Atomicity (number of atoms 
in molecule) : 2, hence formula is Hj ; Atomic Weight : 1. 

History and Occurrence.—Hydrogen was discovered by 
Cavendish in 1766. He made it by the action of dilute 
sulphuric acid upon iron or zinc. The first to call it “ hydro¬ 
gen ” was Lavoisier, who gave it this name because it is a 
constituent of water.^ Hydrogen occurs in large quantities 
on the earth in the form of its compound with oxygen, namely, 
water, of which it forms one-ninth by weight. Petroleum 
consists of compounds of carbon and hydrogen. Hydrogen 
is a necessary constituent of the bodies of all plants and 
animals. Free hydrogen is found in enormous quantities in 
the sun and other stars. 



Fio. 41.—Preparation of Hydrogen. 


’ Preparation.—In the laboratory, hydrogen is commonly 
prepared by the action of dilute sulphuric acid upon zinc. 
The apparatus is shown in Fig. 41. The granulated zinc is 

^ Hydrogen = water-prodticer (Greek). 
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placed in a Woulfe bottle and covered with a layer of water. 
Sulphuric acid is poured down through the thistle-funnel, 
when hj'drogen at once comes off. It may be collected over 
water, or, since it is much lighter than air, by upward displace¬ 
ment (see p. 209). If required dry it can be bubbled through 
concentrated sulphuric acid and collected over mercury ot 
by displacement of air. 

The equation for the reaction is— 

Zn + H 2 SO 4 = ZnS 04 + H*. 

(Zinc sulphate) 

A solution of zinc sulphate is left in the bottle. If it is 
filtered and then concentrated by evaporation, crystals of 
zinc sulphate heptahydrate (“ white vitriol ”), ZnS 04 . 7 HjO, 
separate out on cooling. 

Formation.—Hydrogen may be obtained in many other 
ways, some of which are given below : < 

(i) Action of magnesium or iron upon dilute sulphuric acid— 

Mg + H 2 SO 4 = MgS04 + Hj. 

Fe + H 2 SO 4 = FeSO* + 

(ii) Action of zinc, iron, magnesium, tin or aluminium upon 
hydrochloric acid— 

Zn + 2HC1 = ZnCla + Hj. 

Fe -H 2HC1 = FeCla + Hj. 

Mg + 2HC1 = MgCl, + H,. 

Sn -f- 2HC1 = SnCl, + H,. 

2A1 + 6HC1 = 2 AICI 3 -f 3 H 3 . 

(iii) Action of various metals upon water or steam— 

With cold water— 

2Na + 2 H 2 O = 2NaOH + H,. 

2K + 2H80 = 2KOH + H*. 

Ca + 2HsO = Ca(OH )2 + H,. 

With steam— 

Mg + HaO = MgO + H,. 

3Fe -f- 4 H 2 O = Fe ,04 + 

For details of these actions, see p. 365. 



Henry Cavendish. 

(From ikt drawing by W. AL£Xa.\'DEB.) 
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Pure hydrogen may be obtained by the electrolysis of water 
made slightly alkaline by dissolving a little barium hydroxide, 
Ba(0H)8, in it. The hydrogen is evolved at the cathode and 
pure oxygen at the anode. The action may be carried out 
^ a voltameter (Fig. 42). 

If the hydrogen is not required specially pure, the water 
may be made to conduct the electric current by adding a little 
sulphuric acid instead of barium hydroxide. 



Fio. 42.—Preparation of Hydrogen by Electrolysis of Water. 

Commercially, hydrogen is obtained as a by-product in the 
manufacture of sodium and caustic soda (see pp. 377, 379). 

It is, however, principally obtained by the Bosch process. 

*'>^‘Steam is blown over white-hot coke, when the following action 
occurs : 

C + H,0 = CO + H*. 

The mixture of carbon monoxide (CO) and hydrogen is 
known as water-gas (p. 348). It is mixed with a further 
quantity of steam and passed through red-hot tubes contain¬ 
ing a suitable catalyst, e.g. iron oxide. Under these con¬ 
ditions, the carbon monoxide is converted into carbon dioxide, 
^nd more hydrogen is formed : 

CO -f Ha + HaO = COa + 

^ t - ^ Steam Carbon 

Wat6r«gae dioxide 
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The carbon dioxide is dissolved out of the mixture by 
shaking vith water under high pressure, and the hydrogen is 
tlius isolated. 

Properties.—Hydrogen is a colourless gas with no taste 
or smell. It is the lightest substance known (1 litre weighs ' 
0 09 grams at N.T.P.), and is therefore used for filling bal¬ 
loons and airships, although it is rather dangerous for this 
purpose, since it is so inflammable. It will not support com¬ 
bustion, but will burn in air or oxygen, with a blue, non- 
luminous, very hot flame. The oxyhydrogen jlame is, indeed, 
used for producing extremely high temperatures. A mixture 
of air, or oxygen, and hydrogen, within certain limits of 
proportion by volume, will explode violently if ignited, the 
product being water. Combination between hydrogen and 
oxygen takes place in the proportion of 2 volumes of hydrogen 
to 1 volume of oxygen. 

2 H 2 + O 2 = 2H,0. 

Hydrogen will also combine directly with chlorine, forming 
hydrogen chloride or hydrochloric acid ^as— 

H, -h 04'= 2HCI. 

If the two gases are mixed, the mixture will explode when 
exposed to bright sunlight. In ordinary daylight the action 
takes place slowly, but the explosion can be brought about 
by applying a flame. 

. Owing to its great aflinity for oxygen, hydrogen will often*., 
remove that element from oxides and other oxygen com¬ 
pounds, under suitable conditions. Thus if a metallic oxide 
is heated in a current of hydrogen, it is common to find that 
water is formed and the metal set free— 

4 

Metallic oxide + hydrogen = metal + water, 
e.g. CuO -f* H 2 = Cu H 2 O 

(Copper oxide) 

PbO + Ha = Pb i HaO j 

(Lead oxide) 

The conversion of a metallic oxide into the metal is called 
reduciion. The word reduction has, however, been extended 
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in meaning to include all cases of removal of oxygen from a 
substance, whether a metallic oxide or not. Further details 
about oxidation and reduction are found on p. 181. It is 
sufficient to notice here that hydrogen is a powerful reducing 
^ agent, i.e. a substance able to effect reduction. 

Commercial Uses of Hydrogen.—(i) For filling balloons 
and airships, (ii) Mixed with carbon monoxide it forms “ tcater- 
gas,” used as a fuel (p. 348). (iii) In the oxyhydrogen flame, 
(iv) It forms about 50 per cent, of coal-gas (p. 317). (v) In 

the manufacture of ammonia by the Haber process (p. 258). 
(vi) In the conversion of oils into fats (“ hardening ” or 
“ hydrogenation ” of oils), (vii) In the hydrogenation of coal. 



Diffusion of Gases.—Gases will pass through the wall of 


a porous earthenware pot, 
the rate of passage differ¬ 
ing with different gases. 
Graham, who was Master 
of the Mint in Queen 
Victoria’s reign, found 
{Orakam’s Law) that the 
rates at which two gases 
passed through a porous 
partition are inversely pro¬ 
portional to the square 
roots of the densities of 
the gases, or 



By comparing the rates 
of diffusion of two gases 
we can therefore find the 


ratio of their densities. 



Fic. 43.—Apparatus to show 
Diffusion of a Oas. 


^and if we know the den¬ 
sity of one of them we can calculate that of the other. 


That a light gas can pass through a porous partition more 
quickly than a heavier one is delightfully illustrated by the 
apparatus shown in Fig. 43. 
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A is a porous pot, fitted with a cork through which passes 
one limb of a U-tube containing mercury. Through the wall 
of the other limb two platinum wires are fused. These are 
connected in aeries to an electric bell and battei^. The mer¬ 
cury level is so arranged that it is above C and just below 
B. If a gas-jar is filled with hydrogen or coal-gas and then 
inverted over A, the bell will ring. This is because the light 
hydrogen molecules (or hydrogen and methane molecules in 
the case of coal-gas) pass into the pot more quickly than 
the heavier air molecules can pass out. The pressure in the 
pot therefore increases, and pushes down the mercury in 
one limb and up in the other. Connection is thus made, 
by the mercury, between B and C ; the current passes and 
the bell rings. 

An apparatus of this kind has been used in coal-mines 
for detecting the approach of fire-damp (methane, CH«, see 
p. 333). \ 


Questions 

1. Describe the preparation and properties of hydrogen. 

2. What weight of zinc would you have to take to obtain (a) 100 
tons of hydrogen, (6) 100 litres of hydrogen at N.T.P. ? 

3. How much sulphuric acid would you require for (a) and (6) in 
Q. 2 7 

^ How does hydrogen occur in nature 7 

^ Who discovered hydrogen, and when 7 

6. What does the word “ hydrogen ” mean 7 Who gave the gas 
this name 7 

7. What do you mean by a reducing agent 7 

8. If you were given some lead oxide, how could you obtain lead 
from it 7 

9.,Write equations for the action upon water or steam of (a) iron, 
(6) sodium, (c) potassium, (d) magnesiiim, (e) calcium. 

10- How can hydrogen be dried 7 How would you collect dry 
hydrogen 7 

11. How is hydrogen obtained commercially 7 Wliat are its chief 
uses 7 


CHAPTER XIV 


OXYGEN. AIR AND WATER. OZONE 
HYDROGEN PEROXIDE 

Oxygen 

The Theory of Phlogiston.—In the eighteenth century 
chemists explained what happens when things burn in terms 
of a theory called the Phlogiston Theory, which had been 
suggested by the German chemists Beceer (1669) and Stahl 
4 (1723). The chief idea of this theory was as follows—aU 
combustible substances were supposed to contain a “ fire- 
stuff,” phlogiston, which they lost when they were burnt. 
Combustible metals, for example, ^ere regarded not as 
elements but as compounds of two things : 

(а) Phlogiston, which was common to them all, and 

(б) A calx or residue, which was different in different 

metals. 

When metals were burnt, they were considered to lose 
their phlogiston, their calces being left^~ 

Metal = calx + phlogiston 

or, of course, 

Calx = metal minus phlogiston. 

Substances like carbon which, when burnt, yield only a 
little ash, were considered to consist almost entirely of phlogis¬ 
ton. Now, suppose we burn zinc in air. We get a white 
powder which, according to Becher and Stahl, is zinc calx, 
\ or zinc minus phlogiston. What will happen when zinc 
calx is heated with carbon 1 Well, since carbon is so rich 
in phlogiston, we might expect it to give up some to the zinc 
calx which should therefore be converted back again into 
metallic zinc. In point of fact, when zinc calx is heated with 
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carbon, this is exactly what does happen, so that the theory 
was satisfactory so far. 

Another fact which the Phlogiston Theory explained was 
that if a lighted candle is placed under a bell-jar, the flame is 
soon extinguished. This was thought to be due to the air ’ 
in the jar becoming saturated with phlogiston, just as a sponge 
becomes saturated with water. When a sponge is saturated, 
it can take up no more. Similarly, when air becomes satur¬ 
ated with phlogiston it can take up no more and hence nothing 
can burn in it any longer. 

Since thousands of tons of combustible substances are 
burnt every day, it follows that the atmosphere must always 
contain a certain amount of phlogiston. 

Such was the state of affairs when an important discovery 
was made by the Rev. Joseph Priestley (1733-1804). (See 
p. 452.) j 


• t t • * 




Discovery of Oxygen.—On August 1, 1774, Priestley 

(who was a warm supporter of 
Sun’s Rays the Phlogiston Theory) heated 
^■•/^////! red calx of mercury by means 

////.V/V/ of a fine burning-glass which 

had just come into his posses- 
sion. You will see his appara- 

f... •'-/'^Burning Glass ^ • t-i- tt • A 

tus in Fig. 44. He obtained 

of Mercury mercury and a gas which 
^ allowed things to burn in it 

CT!-1' -^ great brilliancy; a glow- 

ing splint, for example, at once 

- " _burst into flame when plunged 

Fig. 44.—Priestley’s Apparatus, into the gas. Now, let us put 

ourselves into Priestley’s place 
and see how we should have explained these results. 

Calx of mercury we assume to be mercury minus phlogiston. 
We have heated this in a g^ss cylinder containing air, and 
have obtained mercury. This means that phlogiston must 
have been taken up by the calx ; where can this phlogiston 
have come from ? Obviously from the air in the cylinder. 
But the air in the cylinder is ordinary atmospheric air—dcres 


Buroiog Glass 


Cal* of Mercury 

» 

Mercury 


r.-vr- 







OXYGEN 


167 


this contain phlogiston ? Certainly, for fires all over the 
world are constantly liberating phlogiston and turning it 
into the air. Admitting this, what should be the properties 
of the residual air in the cylinder 1 Clearly this air has lost 
* phlogiston, and is therefore dephlogisticated air ; it should 
therefore be able to take up more phlogiston than the same 
volume of ordinary air—in other words, (a) things should 
bum in it more brightly, since they can give up their phlogis¬ 
ton more readily, and (6) it should support life longer. Both 
of these results were actually obtained by Priestley, and we 
can therefore see that his name for the gas, dephlogisticated 
air, was a good one. 

Priestley gave an account of his discovery of “ dephlogis¬ 
ticated air ” to the great French chemist Lavoisier (1743- 
1794). Lavoisier (p. 451) had himself been carrying out 
experiments on the calcination or burning of metals, and 
t had found that in every case the calx weighed more than the 
metal from which it was made. This is contrary to what 
would be expected on the Phlogiston Theory, for if, when a 
metal is burnt, it loses something, the residue ought to weigh 
less. The fact that it weighs more convinced Lavoisier that 
a metal on burning combines with something in the air. He 
knew that a substance, when burnt in air enclosed in a bell- 
jar over water, did not combine with all the air, for about ^ 
of the air was always left afterwards. This residual “ air ” 
would not support combustion and was fatal to the life of 
animals. Lavoisier therefore thought that the air consists 
of two gases, (a) active air, which is concerned in combustion 
and in breathing, and (6) inactive air, which takes no part 
in these changes. 

When htf heard of Priestley’s discovery, he at once realized 
that “dephlogisticated air” was probably.nothing else than 
“ active air,” or that part of the air which combined with 
metals during combustion. To test this idea he devised an 
' experiment which has now become famous (Fig. 45). He 
confined mercury in a glass retort provided with a long neck 
communicating with air in a bell-jar placed in a trough of 
mercury. The level of the mercury in the bell-jar was noted 
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by means of a strip of gummed paper. The mercury in the 
retort was heated for several days to a temperature just 
below its boiling-point. Lavoisier found that the mercury in 
the retort became covered with a red powder and that the 
level of the mercury in the bell-jar rose. After some time, no 7 
more red powder seemed to be forming and the mercury in 
the bell-jar stopped rising. At this stage Lavoisier noted the 
decrease in volume of the air in the bell-jar and found that it 
was not far short of ofie-fifth. The residual air would not 
support combustion or life, so he called it azote. On heating 

the red calx or powder 
formed in the retort, he 
obtained a volume of gas 
equal to the diminution in 
volume of the air in the 
bell-jar ; this gas was of 
course Priestley’s dephlo- i 
gisticated air, and sup¬ 
ported combustion ex¬ 
tremely well. Lavoisier 
showed further that the 
increase in weight of the 
mercury in the retort 
during the above experiment was exactly equal to the 
loss in weight of the air in the bell-jar, and that a gas 
exactly like ordinary air could be produced artificially by 
mixing 1 volume of “ dephlogisticated air ” with 4 volumes 
of azote (the gas we now call nitrogen). 

His chief conclusion was that air consists of two gases, azote 
and dephlogisticated air, in the proportion by volume of ^ to 1 i 
in combustion, only Ike latter gas is concerned, and this com¬ 
bines with the burning substance, hence the increase in weighi. 
The difierence between the two theories of combustion is 
therefore as follows : 

Phlogiston Theory : Metal = Calx -|- Phlogiston. ^ 

Lavoisier's Theory : Metal + Dephlogisticated Air — Calx. 

To mark the difference, Lavoisier re-named dephlogisticated 
air, calling it at first eminently breathable air, but afterwards 



Fio. 45.—Lavoisier’s Apparatus. 
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oxygen (acid-producer), since he found that when non-metals 
were burnt in the gas anji the products of combustion dis¬ 
solved in water the resulting solutions were acid. He con¬ 
cluded further that oxygen was an essential constituent of 
all acids, in which he was not quite right. 

Lavoisier’s work forms the foundation of modern chemistry. 
On it Dalton was able to build his atomic theory, and from 
that time chemistry has never looked back. In 1869 Wurtz 
expressed the feeling of many chemists when he said, “ Chem¬ 
istry is a French science. It was founded by Lavoisier of 
immortal memory." Lavoisier, however, had mapaged to 
make enemies of some of the French Revolutionists, who in 
1794 guillotined him, remarking that the Republic had no 
need of men of science. 

The Phlogiston Theory, which was overtlirown by Lavoisier’s 
brilhant w’ork, had performed good service for chemistry in 
* its early days, but of course it had to be abandoned when 
facts were discovered with which it would not fit. All chemi¬ 
cal theories, even to-day, are held on the same understanding, 
namely, that if facts arc discovered which are not in accord¬ 
ance with them, then the theories must be thrown over and 
new ones substituted. Who knows ? A century hence 
some one may be writing a text-book in which he says, “ The 
chemists of the first half of the twentieth century still 
believed in the oxygen theory of combustion. This theory, 
^which was comparatively satisfactory for many years, was 
overthrown by the brilliant discoveries of Charles Nomde- 
guerre of Czecho-Slovakia. - We find it hard to understand 
why the oxygen theory was accepted for so long, but we must 
remember that it is always very difficult to change the habits 
of mind in which we have been brought up ” ! 

To his death, Priestley was a confirmed phlogistian, but 
all the younger chemists adopted Lavoisier’s scheme, and 
^before his death in 1794 Lavoisier had the joy of knowing 
that his views were winning all along the line. He perished 
in a revolution, it is true, but not before he had himself 
started a revolution in chemical thought, in comparison 
with which the French Revolution was merely a storm in a 
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t«a-cup. It is sad to think that his fellow-chemists, some of 
whom had much influence in the Revolutionary councils, 
made scarcely any attempt to save him. 

Occurrence of Oxygen.—Oxj-gen forms 21 per cent, hj 
volume and 23 per cent, by weight of the air. In water it 
is combined with hydrogen in the proportion by weight of 
88-9 per cent. ox 5 'gen to 11-1 per cent, hydrogen. About 
50 per cent, of the earth’s crust is composed of oxygen, and 
it is an essential constituent of all living matter. It is pro¬ 
bably present in the sun and in other stars. 

Preparation.—Priestley’s method of obtaining oxygen is 
still sometimes used—■ 


2HgO = 2Hg + Oa. 

We see, however, from the above equation, that 432 grams 
[».c. 2 X {200 4- 16)] of mercuric oxide would give only 32 
grams (22*4 litres at N.T.P.) of oxygen, which is a very low‘ 
yield. Moreover, mercuric oxide is very expensive. We 
therefore choose a substance which (a) is cheaper, and (6) will 
give a better yield of oxygen. Such a substance is potassium 
chlorate, a white crystalline solid of the formula KClOi-' 
When this is heated, it splits up into potassium chlortcfc, KCl, 
and oxygen— 

2KC10, = 2KC1 + 30* 


potassium c7jforATE = potassium chloriV'E + oxygen. 

From this equation, we see that 2 [39 35-5 + 48] gram^ 

of the chlorate yield 96 grams of oxygen, or 3 X 22-4 litres at 
N.T.P., or 245 grams pot. chlorate = 67*2 litres of oxygen 
at N.T.P. 


l^Exercise .—Calculate the weight of potassium chlorate required to 
give 10 litres of oxygen, measured at 1^" C. 740 mm.] 

It has been found that if a little manganese dioxide, MnOt. 
a black powder, is mixed with the potassium chlorate, the.^ 
oxygen comes off at a much lower temperature (or—what 
amounts to the same—much faster at the same temperature). 
The manganese dioxide is left unchanged in weight and u) 
chemical composition at the end of the reaction, and is there- 
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fore not put into the equation. Substances, like manganese 
dioxide in this case, which will alter the rate of a chemical 
change without themselves being changed in weight or in 

chemical composition, are called catalysts (see p. 147). [N.B. _ 

''lyearn now how to spell catalyst.] You should note that, 
though a substance may be a catalyst in one reaction, it does 
not follow that it is a catalyst in all the reactions in wliich 
it is used. Thus, when you prepare chlorine, you will employ 
manganese dioxide, but here it is not a catalyst, as it is used 
up and changed into manganese chloride (p. 210). 

If you are asked how to show experimentally that man¬ 
ganese dioxide does act as a catalyst upon the decomposition 
of potassium chlorate by heat, remember that the three 
following points must be made : 

(i) The products of the action {viz. potassium chloride and 

^ o^tygen) are the same whether the manganese dioxide 

‘ is present or absent. The potassium chloride may 

be identified (a) by the lilac colour it imparts to the 
Bunsen flame, indicative of potassium, {b) by the fact 
that its solution gives a white precipitate of silver 
chloride with silver nitrate solution, indicative of a 
chloride. 

(ii) The rate of the reaction is altered by the addition of the 

manganese dioxide. This can be shown by just melt¬ 
ing some potassium chlorate, when little or no oxygen 
^ is evolved. On dropping in a pinch of manganese 

dioxide a vigorous evolution of oxygen occurs. 

(iii) The manganese dioxide is left unchanged in weight and 
in chemical composition at the end of the reaction. 
This can be shown by dissolving out the potassium 
, chloride in water, and washing, drying and weigliinw 

the residue; there is no change in weight. Show 
that the black powder is manganese dioxide, e.g. by 
\ finding its action with hot-concentrated hydroelilorio 

acid, when chlorine is evolved. 

The apparatus used for the preparation of ox\'gen is shown 
in Fig. 46. 
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Fio. 46.—Preparation of Oxygon. 

The gas is collected over water. If it is required dry it 
can be passed through concentrated sulphuric acid and col¬ 
lected over mercury. 

Another way of obtaining oxygen in the laboratory is to' 
drop water on to sodium peroxide, NagOg (Fig. 47)— 

2 Nag 03 + 2HgO = 4NaOH + O*. i 

The action takes place in the cold. Caustic soda (NaOH) 
is formed as well as oxygen. 




Fio. 47.—Preparation of Oxygen from Sodium Peroxide. 
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Commercially, oxygen is prepared by the fractional dia- 
tillation of liquid air. Since oxygen boils at —182® and 
nitrogen at —194°, when liquid air is allowed to boil the 
nitrogen boils off first and can therefore be separated from 
-the oxygen. Oxygen is put on the market compressed in 
steel cylinders at a pressure of about 120 atmospheres. 

Properties.—Oxj'gen is a colourless gas with no taste or 
smell. It is slightly heavier than air (V.D. = 16, V.D. of 
air = 14-4), and has a molecular weight of 32 (formula Oj, 
atomic weight 16). It is only slightly soluble in water, but 
sufficient dissolves to enable fish and other aquatic animals 
to breathe. You must be careful not to imagine that fish 
breathe the combined oxygen in water : if they are placed in 
water which contains no dissolved oxygen they drown. 

Oxygen boils at —182°. Liquid oxygen is a pale blue 
liquid which is attracted by a magnet. 
i Oxygen will not burn, but it supports combustion very 
readily. Thus it relights a glowing splint (test for oxygen), 
while red-hot iron, when plunged into oxygen, burns bril¬ 
liantly—a delightful experiment which we owe to the eigh¬ 
teenth-century scientist Ingen-Housz— 

+ 20* = FcgO, (magnetic oxide of iron). 

The products obtained when substances are burnt in oxygen 
are called oxides. Thus, when the following elements are 
»burnt the oxides are obtained in each case : 

Carbon.—B urns brightly, forming carbon dioxide, CO,, a 
gas which turns lime-water milky— 

C + O, = COa. 

We see from the equation that every molecule of oxygen 
yields a molecule of carbon dioxide. Hence,.by Avogadro’s 
Hypothesis, 1 volume—whatever it may be—yields the same 
volume of carbon dioxide. 

Burns with a blue fiame, forming the gas 
sulphur dioxide, SOj— 

S + 0, = so.. 
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Phosphorus. —Burns brilliantly, forming tbe light white 
solid 'phosphorus pentoxide, P 2 O 5 — 

4P + 5 O 2 = 2 P 2 O 6 . 

Sodium. —Burns brilliantly, forming the yellow solid sodiurn 
peroxide, Na^Oa— t 

2Na + O 2 — NajOj. ; 

Magnesium. —Burns brilliantly, forming the white solid 
magnesium oxide, MgO— j: 

2Mg + Oa = 2MgO. ■' 

Classification of Oxides.—Oxides arc classified as fol¬ 
lows ; 

(i) Acidic oxides, (ii) Basic oxides, (iii) Peroxides and 
suboxides, (iv) Neutral oxides. 

(i) Acidic Oxides. —When non-metals combine with 
oxygen, the oxides obtained will generally unite with wate 
to form acids— 

SOa + HaO = HaSOa, sulphurous acid. 

SO 3 + HaO = HaSOj, sulphuric acid. 

PjOa + HaO (cold) = 2 HPO 3 , metaphosphoric acid. 

PaOs 4 - SHaO (hot) = 2 H 3 PO 4 , orthophosphoric acid. 

N 2 O 5 + HgO = 2 HNO 3 , nitric acid. 

CO 2 + HaO = H 2 CO 3 , carbonic acid (p. 326). 

They are therefore called acidic oxides. Note that they 
are twI acids —they form acids when they unite with u'ate>x.-t* 
They are therefore sometimes called acid anhydrides ; thus 
SO 3 is sulphur trioxide or sulphuric anhydride. 

(ii) Basic Oxides. —Oxides of metals wiU usually react 

with acids to yield salts and water. They are therefore bases, 
and are called basic oxides. Examples are calcium oxde, 
CaO, copper oxide, CuO, zinc oxide, ZnO. All these will re^t ' 
with hydrochloric acid, for example, to give water + the 
chloride of the metal— y 

CaO + 2HC1 = CaCla + HaO. 

CuO -f 2HC1 = CuCla + HaO. 

ZnO + 2HC1 = ZnCla + HjO. 
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Some metallic oxides will combine with ^ water to form 
hydroxides, which are still bases, e.g. : 

CaO + H 2 O = Ca(OH) 2 , calcium hydroxide or slaked Ume. 

Note that hydroxides are not the same as hydrates. A 
"hydroxide contains the hydroxyl group —OH, while a hydrate 
is merely a loose compound of a substance with water, e.g. 
copper sulphate crystals, CUSO 4 . 5 H 2 O, are copper sulphate 
penta-hydrate ; BaCl 2 - 2 H 20 is barium chloride dihydrate. 
In a solid hydrate, the water is generally present as water 
of crystallization. 

Basic oxides may be prepared— 

(а) By heating the metal in air or in oxygen. 

( б ) By strongly heating the carbonate of the metal— 

ZnCOa = ZnO + CO*. 

(c) By heating the hydroxide of the metal— 
t Cu(OH )2 = CuO + HjO. 

{d) By heating the nitrate of the metal— 

Pb(N 03)2 = PbO -f 2 NO 2 + oxygen. 

(e) By heating a peroxide of the metal, when the excess 
of oxygen is sometimes lost— 

Pb 304 = 3PbO + oxygen. 

Not all these methods are applicable in every case ; some¬ 
times one method is more convenient and sometimes another. 
* ^ (iii) Peroxides and Sdboxides contain respectively more 
and less oxygen than would be expected from the normal 
valency of the other element present. Peroxides are formed 
by both metals and non-metals. The commonest are— 

Normal oxide. 


Sodium peroxide, NajO, . . . NajO. 

Hydrogen peroxide, HjOa . HjO. 

Manganese dioxide, MnOg . . MnO. 

Lead peroxide, PbOg .... PbO. 
Barium peroxide, Ba 02 .... BaO. 
Nitrogen peroxide, N 2 O 4 . . . N 2 O 3 . 

Chlorine peroxide, ClOg .... CljO. 
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Peroxides often yield oxygen on heating alone or when 
heated with concentrated sulphuric acid. With hydrochloric 
acid, they sometimes give hydrogen peroxide in the cold {e.g. 
NajOa, BaOj), and on heating give oxygen {e.g. HjOj) ot 
chlorine {e.g. PbO* + 4HC1 = PbCl» + 2 H 2 O + Cl*). / 

Suboxides contain less oxygen than the normal oxide, e.g. 
carbon suboxide, CjOj. They are as a rule unstable. 

It often happens that an element has two normal valencies, 
in which case it may form two normal oxides, e.g. FeO and 
FejOa, both normal basic oxides. In this case, the oxide 
containing the higher percentage of the element other than 
oxygen is called the -ous oxide (from the Latin osils, rich¬ 
ness), and the other the -tc oxide ; thus FeO is ferrous oxide 
and FejO, ferric oxide. 

(iv) Neutral Oxides. —Certain oxides cannot be placed in 
any of the above classes. Such are nitric oxide, NO, carbon( ^ 
monoxide, CO, and water, HjO. These are called 
oxides. 

N.B. The classification of oxides is only provisional, and 
certain oxides can be classified under more than one head. 


Oxidation and Reduction 

When a substance combines with oxygen, it is said to be 
oxidized ; reduction takes place when oxygen is removed from 
a substance. Thus— 


2Cu + 08 = 2CuO , ^ 

represents an oxidation of copper to copper oxide, while 

PbO + C = Pb +.C0 

represents the reduction of lead oxide to lead (and, of course, 
.the oxidation of carbon to carbon monoxide). 

Hydrogen is often used for bringing about reduction, and 
this term was soon extended to cases in which the hydrogen 
merely added itself on to the substance concerned and did not 
actually remove oxygen. Thus, the combination of hydrogen 
with sulphur is considered to be a reditciion of the sulphur t6 
hydrogen sulphide, HjS— 

S + Ha = HaS. 
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In the same way, the term oxidation has been extended to 
include cases of removal of hydrogen as well as those of addition 
of oxygen. Thus, the conversion of hydrogen sulphide into 
sulphur is an oxidation — 

H,S = S + H,. 

Hydrogen is a t 3 T)ical electropositive element, and oxygon 
a typical electronegative element. The terms oxidation and 
reduction have therefore been still further extended in mean- • 
ing, to include an increase in proportion of electronegative 
constituent in a substance (oxidation), and an increase in 
proportion of electropositive constituent (reduction). 

Examples— 

(а) 2FeCl, + Cl, = 2FeCl, {oxidation of ferrous chloride to 

ferric chloride). 

(б) KjMnO* + chlorine = KCl + KMn 04 {oxidation of 

* potassium manganate to potassium permanganate). 

(c) 2Cu + S = Cu ,S {oxidation of copper to copper sulphide). 

(d) S + H, = HaS {reduction of sulphur to hydrogen sul¬ 

phide). 

(e) MnCl 4 = MnCl2.4- Cl, {reduction of manganic chloride 

to manganous chloride). 

Oxidation and reduction may therefore take place, even when 
no oxygen or hydrogen is present. Note that every oxidation 
is necessarily accompanied by a corresponding reduction, and 
* vice versa. Thus, in (c) above, the sulphur is reduced by the 
copper, and in (d) the hydrogen is oxidized by the sulphur. 

Oxidizing and Reducing Agents.—A substance which 
will bring about oxidation is an oxidizing agent, while one 
which causes reduction is a reducing agent. Common oxidizing 
agents are oxygen, ozone, hydrogen peroxide, chlorine, bromine, 
nitric acid, chlorates, nitrates, peroxides, potassium perman¬ 
ganate (iCMnO,) and potassium (Itehromate (KaCrgOj). 

’ Common reducing agents are hydrogen, hydrogen sulphide, 
mixtures producing “ nascent ” hydrogen, hydriodic acid 
(HI), sulphur dioxide, carbon, zinc dust, aluminium powder, 
'stannous chloride (SnCl,), carbon monoxide. 
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Tests for Oxidizing Agents 

(i) Heat in a hard-glass test-tube. Oxygen may be evolved , 

(glowing splint test). 

(ii) Heat with concentrated hydrochloric acid, and see 

whether chlorine is evolved. ' 

(iii) Add a solution of the substance to a solution of 

potassium iodide acidified with dilute sulphuric tujid. 

If an oxidizing agent is present, iodine will probably 
be liberated. This may be recognized by the blue 
coloration it gives with starch solution. 

(iv) Heat with ferrous sulphate solution acidified with 

dilute sulphuric acid. Test the resulting liquid for 
ferric iron by potassium ferrocyanide (blue pre¬ 
cipitate) or potassium thiocyanate (red coloration). 
(Do a blank test with the original solution of ferrous 
sulphate, as this often contains a little ferric saltl ^ 
Ferrous ammonium sulphate is preferable.) \ 

(v) Pass hydrogen sulphide through the hot solution. 

Oxidizing agents often cause precipitation of sulphur. 


Tests for Reducing Agents 

(i) Heat the substance with potassium permanganate 

solutioir acidified with sulphuric acid. Reducing 
agents often decolorize the permanganate. 

(ii) Heat the substance with potassium dichromate solution 

acidified with sulphuric acid. Reducing agents 
often reduce the yellow dichromate to green 
chromium sulphate. 

(iii) Heat with ferric cliloride solution and a little hydro¬ 

chloric acid. Test for reduction of the ferric iron to 
the ferrous state by addition of potassium thio¬ 
cyanate (no red coloration with ferrous salt). 


Acids, ^ses and Salts 

Three important groups of chemical compoxmds are acid^, 
bases and salts. The connection between these three classes 
of substances is summed up in the equation— 

acid + base = salt -J- water, 
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which means that when an acid and a base react together, 
they form two products, one being water and the other a salt. 
It is clear that if we can settle upon definitions of “ acid ” and 
“ base,” we shall then be able to define a “ salt ” as ” that 
■Substance, other than water, which is produced by the action 
of an acid upon a base.” Investigation of acids, bases and 
salts formed part of your preliminary science work, and will 
form also an important part of your practical course, so that 
here we shall consider the subject only in outline. 

Acids. —From your investigation of the three common 
mineral acids—nitric, hydrochloric, and sulphuric, you will 
be in a position to recognize several properties possessed by 
each of them. These properties are : 

(i) Characteristic ” acid taste.” 

(ii) Reaction with indicators, t.g. blue litmus is turned 

red. 

(iii) Action of the dilute acid upon a carbonate, yielding 

carbon dioxide with effervescence. 

(iv) Corrosive action upon metals. Dilute sulphuric and 

hydrochloric acids with many metals yield hydrogen ; 
we shall see, however, that hydrogen cannot be 
expected from nitric add, since this substance, in 
addition to being an acid, is also an oxidizing agent 
(P- 272). 

, The above properties, then, are characteristic of acids ; any 
substance which possesses these properties is considered to be 
an acid. Acids, however, differ very much in constitution, 
and therefore in properties, and sometimes we may find that 
the “ acid ” properties are interfered with, as in the case of 
nitric acid. 

The evolution of hydrogen which occurs when dilute 
hydrochloric or sulphuric acid is added to zinc, for example, 
or magnesium, gives us a clue to a very important character- 
iijtic of all acids. Long investigation has shown that acids 
invariably contain hydrogen, some or all of which can be 
replaced by a rnetal. Occasionally this replacement can be 
brought about directly by the action of the dilute acid upon 
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the metal itself, t.g. with zinc and dilute sulphuric acid— 

Zn + H^SO, = ZnSO^ + 

and with magnesium and dilute hydrochloric acid— 

Mg + 2HC1 = MgClj + H,. y 

In the majority of cases, however, the replacement has to 
be elSected indirectly. The compounds formed from an 
acid by substituting metals for its replaceable hydrogen are 
called salts, the name of the salts of a particular acid being 
derived from the name of the acid. Thus, the salts of sul¬ 
phuric acid are called sulphates, those of nitric acid nitrates, 
and those of hydrochloric acid chlorides. If the name of the 
acid ends in -ous, that of its salts ends in -ite ; thus nitrous 
acid yields nitrt^ea and sulphurous acid sulphides. 

You will notice that the word “ replaceable,” mentioned a 
few lines above, was put in italics. This is for the reason 
that certain acids are known, a part only of whose hydrogeilv 
can be replaced by a metal. Acetic acid, for example, 
C 8 H 40 j, contains 4 atoms of hydrogen per molecule, but only 
one of these can be replaced by a metal. The number of 
atoms of hydrogen, replaceable by a metal, that the molecule 
of an acid contains, is called the basicity of the acid. Thus 
hydrochloric acid, HCl, and nitric acid, HNO 3 , are monobasic ; 
80 is acetic acid, C 2 H 4 O 2 . Sulphuric acid, H,S 04 , is dibasic, 
and phosphoric acid, H 3 P 04 , is tribasic. 

The usual device for replacing the hydrogen in an acid b^i ’ 
a metal is to act upon the acid with the oxide or hydroxide of 
the metal. The oxygen or hydroxyl group (—OH) of the 
compound selected then combines with the replaceable 
hydrogen of the acid, forming water, and the metal takes the 
place of this hydrogen. When sulphuric acid, for example, 
is treated with copper oxide, water and copper sulphate, 
CUSO 4 , are formed— 

CuO + H 2 SO 4 = CuSO* -f- HaO. 1 

Similarly, with calcium hydroxide or slaked lime, Ca(OH)i» 
the following action occurs— 

Ca{OH), -f H 2 SO 4 = CaSO, + 2H,0. 
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With caustic soda or sodium hydroxide, NaOH, and hydro¬ 
chloric acid, we get sodium chloride, NaCl, and water 

NaOH + HCl = NaCl + H^O. 

Bases.—The .hj^droxides and normal oxides of metals are 
called fcasas. They will react with acids to form compounds, 
usually neutral to litmus, called salts (see above). 

Examples of bases are : 

Calcium oxide or quicklime, CaO. 

Lead oxide or litharge, PbO. 

Zinc oxide, ZnO. 

Magnesium oxide, MgO. 

Sodium hydroxide or caustic soda, NaOH. 

Potassium hydroxide or caustic potash, KOH. 

Slaked lime or calcium hydroxide, Ca(OH)j. 

Copper hydroxide, Cu(OH)j. 

• As we saw on pp. 178-9, only the normal oxides of metals 
have basic properties ; however, all metallic hydroxides are 
bases. 

Bases which are soluble in water produce solutions which 
turn red litmus blue ; such bases are called alkalis. They are 
all hydroxides or substances which, when dissolved in water, 
yield hydroxides. Amm onia, NEj (p. 256), is a peculiar 
substance which combines directly with acids to form salts 
but no water, e.g .— 

* NH, + HCl = NH 4 CI, ammonium chloride. 

It cannot, therefore, be regarded as a true base, for bases, 
as we have seen, with an acid yield a salt and water. When 
dissolved in water, however, ammonia gives a solution con- 
‘taining the substance NH4OH, ammonium hydroxide 
(NHs + H2O = NH4OH). This is a true base, since it will 
react with an acid to form a salt and water— 

’ HCl + NH4OH = NH4CI + H^O. 

Ammonia is therefore said to be a basic anhydride, the base 
itself being ammonium hydroxide. 


G 
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Comparison of actions of Acids and Alkalis on indicators. 


iDdicator. 

Acid. 

Soluble Base. (Alkali.) 

Litmus, . • 

Blue litmus changed to 

Red Iftmus changed to 

Methyl orange. 

red. 

blue. 

Yellow methyl orange 

Pink methyl orange 

1 

PhenoU 

changed to pink. 

changed to yellow. 

Red phenolphthalem 

Colourless phenol* 

phthalein 

changed to colourless. 

phthalein changed to 
red. 


Insoluble bases naturally have no action on indicators. 
General properties of bases — 

(i) Action on indicators, if the base is soluble (see | 
above). 

(ii) When heated with an ammonium salt, a base will gener¬ 
ally liberate ammonia, e.g .— 


NaOH -f- NH4CI = NaCl + NH, + HjO. 

(iii) Solutions of alkalis will often precipitate metallic 
hydroxides from solutions of metallic salts, e.g .— 

2KOH + CUSO 4 = Cu(OH), ^ + KjS 04 , 

(iv) Bases neutralize acids, forming salts and water. 

Salts.—We have seen" (p. 183) that all acids contain 
hydrogen, the whole or part of which can be replaced by metals. 
The substances formed in this way are called salts, since 
common salt, sodium chloride, NaCl, is typical of the class. 
Having defined an acid as a substance which has the pro¬ 
perties given on p. 183, and a base as a normal metallic oxide 
or hydroxide, we can now define a salt e,%*that substance other) 
than water, which is formed when an acid neutralizes a base, 
or, again— 


acid + base salt + water. 
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What Calais was to Queen Mary, this expression should be 
to the young student of chemistry ! 

Sometimes the molecule of an acid contains only one atom 
of hydrogen replaceable by a metal, e.g. nitric acid, HNO 3 , 
f and hydrochloric acid, HCl. It is clear that such an acid 
(t.c. a monobasic acid, p. 184) can form salts of one class only, 
namely, those in which all the replaceable hydrogen has been 
replaced by a metal, e.g. NaCl, sodium chloride, and K.NO3, 
potassium nitrate. Salts which may be regarded as formed 
from an acid (either directly or indirectly) by the substitution 
of all the replaceable hydrogen of the acid by a metal are 
called normal salts, e.g. the two examples just given, and 
copper sulphate, CUSO 4 , lead nitrate, Pb(N 03 ) 3 , mercuric 
chloride, HgCl*, and so on. 

Suppose we have an acid containing two replaceable atoms 
of hydrogen per molecule (i.e. a dibasic acid, p. 184). When 
t i we form salts from an acid of this type, we can do so in two 
stages, replacing first one hydrogen atom by the metal, and 
then the other. Sulphuric acid is a dibasic acid, HjSO,. If 
we replace its hydrogen atoms by sodium we get first of all 
NaHSO, and then NajSO*. The latter compound is normal 
sodium sulphate, as explained above. The compound repre¬ 
sented by the formula NaHSO* still contains a replaceable 
hydrogen ; it is therefore acid. But it has been formed 
from sulphuric acid by the replacement of hydrogen of the 
acid by a metal, sodium. It is therefore a salt. To express 
" this pecuharity we call it an acid salt—acid sodium sulphate. 
Acid sodium sulphate is t 5 T>ical of the whole class of acid 
salts, which we 'may define as compounds formed from acids 
(either directly or indirectly) by the replacement of part 
only of the replaceable hydrogen of the acid by a metal. 
Any acid which has a basicity greater than 1 can form 
acid salts ; thus, phosphoric acid, HjPO*, the basicity of 
which is 3 , can form two acid salts and one normal salt 
’ with sodium— 


NaHjPO*, Na*HP 04 and Na 3 P 04 . 
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Other examples of acid salts are— 


;C0 




Na 


or Ca(HC 03 ) 2 , calcium bicarbonate, from carbonic 

acid, or HjCO,. 


NH,~P 04 or NaNH 4 HP 04 , which is commonly known as 

“ microcosmic salt.” 


COOH 


COOK 


or KHC2O4, acid potassium oxalate, from oxalic 

COOH 

acid I or HjCjO*. 

COOH 


It is, however, a peculiar fact that many “ acid salts ” do ^ 
not show an acid reaction to litmus ; they may even be 
alkaline in solution. You will see, therefore, that the term 
acid salt is in these cases not very suitable, and alternative 
names are in use, e.g. we may call acid salts “ metal hydrogen 
salts ”—thus acid sodium sulphate, NaHS 04 , would be sodium 
hydrogen sulphate, NaH 2 P 04 would be sodium dihydrogen 
phosphate, and NaNH 4 HP 04 sodium ammonium hydrogen 
phosphate. 

The acid salts of dibasic acids are occasionally called in- 
salts, so that for NaHS 04 we have the three names, acid sodium 
sulphate, sodium hydrogen sulphate, and sodium bisulphate. 
This reminds those of us who are old enough to remember the 
Boer War of the song which said that “ the baby’s name is 
ICitchener, Carrington, Methuen, Kekewich, White, Cronje, 
Plumer, Powell, Majuba, . . but you will soon get used to 
it. As long as you remember that acid sails are salts which 
still contain hydrogen replaceable by a metal, and do not 
necessarily turn blue litmus red, you will have no difficulty. 

Corresponding to acid salts there are basic salts. I® is 
perhaps simplest to regard these as normal salts which have 
combined with excess of the oxide or hydroxide of the metal 
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present. Thus, CuC 03 .Cu(OH )2 is basic copper carbonate, and 
BiCla.BigOa is basic bismuth chloride. 

General Methods of Preparing Acids, Bases and Salts 

1. Acids. See Appendix, p. 441. 

2. Bases. See Appendix, p. 442. 

3. Salts. See Appendix, p. 442. • 

Am 

To discover the composition of the atmosphere took chemists 
about 2,000 years. Elementary students are now expected 
to know all about it in two weeks, but modern youth does 
not always appreciate the g;reat compliment which is thus 
paid it. In the same way, we know very little about the 
' composition of water, but “ water ” is an essential constituent 
I of the syllabuses of all elementary examinations in chemistry. 

Air is a mixture of various gases, with more or less solid 
matter—dust, soot, germs, etc.—floating about in it. The 
chief constituents are oxygen, nitrogen, argon, carbon dioxide 
and water-vapour ; other gases occur in small proportions 
but appear to be of little importance. The percentages of 
argon and carbon dioxide are very small (1 per cent, argon, 
0 03 per cent, carbon dioxide). Argon is an inert, unreactive 
gas which was overlooked for many years. Carbon dioxide, 

. on the other hand, although there is only about ^ much 
of it as there is of argon, is of the utmost importance since, as 
described on p. 353, it is the chief food of green plants. 

The proportion of water-vapour in the atmosphere varies 
considerably. At times it is high, and at other times the air 
is very dry. If you take a definite volume of dry air and let 
it stand in contact with water, you will find that some of the 
water is taken up, as water-vapour, by the air. A^ a definite 
temperature, the weight of water which can thus be taken 
'up by a given volume of air is constant at constant pressure. 
Air which has taken up as much water-vapour as it can 
possibly do at a given temperature and pressure is said to be 
saturated. Ordinary air is generally not saturated, and the 
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ratio of the weight of water-vapour which a certain volume 
of it could hold to the weight which it actually does hold at 
the temperature and pressure concerned is called the relative 
humidity of the air. 

Hot air can take up more water-vapour than cold air. ^ 
Hence, when hot moist air is cooled its relative humidity 
becomes greater and greater until it reaches 1 ; further cooling 
then results in the deposition of liquid water or dew. The 
temperature at which this occurs for a given sample of air 
is called the dew-point ; it is determined by means of an 
instrument called the hygrometer. 

Since the amount of water-vapour in the air is constantly 
changing, we usually neglect it when talking about the 
composition of the atmosphere. This, after all, is very 
reasonable, although it is a habit for which chemists have 
been criticized. We do not really forget that there is water- 
vapour in air, but from the present point of view it does not I 
concern us very much. 

Composition of the Atmosphere.—Nearly 99 per cent, 
of dry air is made up of two gases, oxygen and nitrogen, 
approximately in the proportion by volume of 1 to 4. This 
proportion is remarkably constant, and hence the question 
(beloved by all examiners) arises : Is air a mixture of oxygen 
and nitrogen or is it a compound of the two ? Well, there is an 
easy way of deciding. If air is a compound, we can work out 
its formula from its composition by weight; this is 23 per^ 
cent, oxygen and 77 per cent, nitrogen. Now A.W. of oxygen 
= 16 and A.W. of nitrogen = 14. 



14 - ® 


The ratio 1*44 : 5*6 is—very roughly—1 :4, so that if air 
is a compound its formula must be N^O or some multiple of it. 
The inaccuracy shown by the figures (4 x 1*44 = 6*76, not 5-5) 
is, however, greater than would be expected in view of the 
careful analyses that have been made, so that this alone 
would arouse our suspicions. We can go a step farther. If 
air is a compound of the formula NiO, its vapour density 
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50 1 - 10 

(t.c. half its M.W.) ought to be -= 36. As a matter 

of fact, the vapour density of air 
is not 36 but 14-4; hence air 
> cannot bo a compound. 

If, on the other hand, air is a n 
mixture of oxygen and nitrogen IL. , n _ n.. . 
in the proportion by volume of 
1 :4, its vapour density ought K - _ 

to be between that of oxygen 

and nitrogen ^ 


should, in fact, be 


(4 X 14) + 16 


~ 14-4, which is the ex- ^ '* 

) 5 _o_ ■ ^ I 

perimentally observed figure. —' ; = q 

Other points which show that | , = | 

air 13 a mixture and not a com- ~ L - ^ “ 

pound are: j = o 

(i) Its composition, although — j| ^ £ 

fairly constant, does show slight = 

variations, too large to be put ~a \ = 

down to experimental errors. * — 11 = 

(ii) The chemical and physical |; ! = 

■^p’roperties of air are those which i | = 

would be expected of a mixture I 

of nitrogen and oxygen in the ] 
proportions in which they occur 1 
in air. U L 

(iii) A gas closely resembling U ffi n tr* 

ordinary air may be made by mjt I 

mixin g 4 volumes of nitrogen _i 

♦with 1 volume of oxygen. No 
heat is evolved or absorbed during the mixing. 

(iv) The oxygen may be separated more or less completely 
by purely mechanical means. Such are, for example, the 
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fractional distillation of liquid air (see p. 177), and shaking 
air up with freslily-boiled water ; oxygen having a greater 
solubility than nitrogen, the percentage of oxygen in the 
dissolved “ air ” is greater than that in atmospheric air. 
Air, in fact, which has been dissolved in water in this wa.yy 
will relight a glowing splint when boiled out again and 
collected. 

The composition of dry air, free from carbon dioxide, may 
be found : 

(i) Gravimetrically (i.e. by weight), by DcraiAS’ method. 
Air is drawn first through a set of bulbs containing caustic 
soda solution to absorb carbon dioxide, then through a series 
of tubes containing pumice soaked in concentrated sulphuric 
acid, to remove moisture, and finally through a weighed 
tube containing red-hot copper turnings, into a weighed 
evacuated copper globe (Fig. 48). 

The copper combines with the oxygen to form copper oxide, ^ 
while the nitrogen (and argon) pass on into the globe. 

In an experiment, the following weights would be obtained : 


(a) Weight of tube + copper 

= y 

gms. 

Weight of tube + copper oxide 

— X 

ff 

Weight of oxygen 

= X — 

y gms. 

# 

{b) Weight of globe empty 

= m 

gms. 

Weight of globe -f- nitrogen 

= n 

• ♦ 

» 

Weight of nitrogen 

= — 

m gma. 


Hence the proportion by weight of nitrogen to oxygen in air 
is This ratio is fo\md to be 77 ; 23. 

(iV..p.—A modern furnace is shown in the figure. Dumas 
himself used spirit lamps, since in his time—1843—Bunsens 
burners were not invented.) 

(ii) VolumetricaUy, by enclosing the air over mercury in a 
graduated tube containing a copper wire which may be 
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electrically heated to redness. The volume of air taken is 
noted, the wire heated to redness for a few minutes, and the 
apparatus allowed to cool. A decrease in volume will be 
observed, since the copper will have combined with the 
^ oxygen to form copper oxide, the volume of which is practically 
the same as that of the copper wire itself and therefore may be 
neglected. After any necessary corrections for temperature 
and pressure, the volumetric composition of the air may 
therefore be calculated directly. The residual gas is nitrogen. 

The Rare Gases of the Air.—Of the “ rare gases ” of the 
air, viz. helium, neon, argon, krypton and xenon, the first 
three find considerable application in industry. Helium is 
used instead of hydrogen in lighter-than-air craft, though for 
this purpose it is not obtained from the air but from certain 
gas-wells in America. Neon is the gas used to fill electric 
advertisement tubes ; it gives a fine orange-red glow when an 
* electric discharge is passed through it at low pressures. It is 
also used at the air-ports in the beacons for directing aircraft 
in fogs. Argwi is used in ordinary “ gas-filled ” electric lamps. 


Water 

Natural Waters. 

(i) Bain-ivater is the purest form of natural water. In 
country districts it contains only gaseous impurities such as 
carbon dioxide, oxygen and nitrogen, which it has absorbed 
from the air, together with a little salt from the sea. Naturally, 
rain-water in and near towns contains all sorts of impurities 
—soot, sulphur, hydrogen sulphide, sulphuric acid, and so on. 

(ii) River and spring xvaier contains varying amounts of 
solid matter in solution, according to the ground in which it 
occurs or over which it flows. Salts of calcium (or magnesium) 
render the water hard (see p. 198). 

' (iii) Mineral waters are naturally occurring waters which 
contain unusual impurities known or supposed to be beneficial 
in the treatment of various diseases. Thus, the waters at 
Bath are radio-active, and helium is given off from the King’s 
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Well there. The water of a certain spring at Epsom contains 
magnesium sulphate or “Epsom salt.” 

(iv) Sea-water contains about 3-6 per cent, by weight of 
salts in solution, chiefly the chlorides and sulphates of sodium, 
potassium, calcium, and magnesium. Common salt (NaCl) ’ 
forms about § of the total solid matter present. 

Composition of Water.—Water is assigned the formula 
HjO. The evidence for this formula is as follows : 

(i) In 1781 Cavendish showed that when oxygen and 
hydrogen are exploded together water is formed. 

(ii) On electrolysis of slightly acidulated water, hydrogen is 

given off from the cathode and oxygen from the anode (see 
Fig. 42, p. 161). The volume of hydrogen is roughly twice 
that of the oxygen, hence, by Avogadro’a Hypothesis, the 
composition of water must be such that there are two molecules 
of hydrogen to every molecule of oxygen. i 

Now we know that the molecules of both hydrogen and 
oxygen are di-atomic {i.e. contain 2 atoms). Hence the 
simplest formula for water is H 2 O. It may be more complex, 
however, so we shall require further evidence. 

(iii) When 2 volumes of hydrogen and 1 volume of oxygen 
are exploded in a eudiometer tube (Fig. 49) kept at such a 
temperature that the steam formed does not condense {i.e. 
above 100® C.), the volume of the steam is found to be equal 
to that of the hydrogen taken. Or— 

2 volumes of hydrogen -f* 1 volume of oxygen give 2 volumes 

of steam. 

by Avogadro’s Hypothesis— 

2 molecules of hydrogen 1 molecule of oxygen give 2 

molecules of steam. 

1 molecule of hydrogen + ^ molecule of oxygen give 1 

molecule of steam. 

1 molecule of hydrogen := Hj ; ^ a moleciile of oxygen = O. 

Formula for water is HjO. ^ 

• 

In order to keep the tube at the required temperature, 
the vapour of amyl alcohol (CsH,i.OH, B.P. 130®) is passed 
through the outer jacket shown in Pig. 49. 
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(iv) The above evidence is really quite sufficient, but in the 
case of an important substance like water we prefer to make 
assurance doubly sure, so that there can be 

“ No possible, probable, shadow of doubt. 

No shadow of doubt whatever / ” 


For this purpose, we may find the vapour density of water by 
weighing a known volume of steam at known temperature 
and pressure. Experiment shows the V.D. to be 9, 
M.W. = 18. But the atomic weight of oxygen is 16, hence 


» 


Fio. 49.—Composition of Steam. 

there cannot be more than 1 atom of oxygen in the molecule 
,) of water. The remaining two parts by weight must be due 
I to the hydrogen, of which there are therefore 2 atoms per 
' molecule. 

(v) QravimetricaUy the composition of water may be found 
by passing pure hydrogen over heated copper oxide previously 
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weighed, and measuring tlie weight of the water formed and 
the loss in weight of the copper oxide— 

Copper oxide + hydrogen = water + copper. 

A suitable apparatus is shown in Fig. 50. 

The most accurate results so far obtained for the com¬ 
position of water by weight are those of Morley (1895). 
He found that the proportion by weight of oxygen to hydrogen 
in water was 7-9396 ; 1. 

This gravimetric composition of water is' of additional 
importance, since it gives, of course, the equivalent of oxygen. 



Fio. 50.—Gravimetric Composition of Water. 


Properties.—Water is a practically colourless liquid, 
although it is said that in a layer of considerable thickness it 
has a bluish green colour. The difficulty of obtaining abso¬ 
lutely pure water in sufficient quantity makes any statement 
as to its colour open to question ; the fact that impure water 
is blue or green of course requires no proof, as it is obvious. 

At atmospheric pressure water freezes at 0® C. and boils at 
100° C., these points of the thermometric scale being in fact 
fixed as the meUing-point of ice and the boiling-point of water. 

The density oi water is taken as unity, i.e. the weight of 
1 c.c. of water at its point of maximum density (4° C.) is taken 
as the unit of weight, 1 gram. In the same way the capacity 
of water for heat is used in fixing the unit of heat ; thus the 
calorie is the amount of heat required to raise the temperature 
of 1 gram of water through one Centigrade degree. 

Water is an excellent solvent, and will dissolve practically 
every substance, at least in traces. It is, therefore, very 
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dillicult to obtain pure. Pure water is usually prepared by 
distillation in apparatus made of block tin or of silver, with 
addition of a little potassium permanganate to oxidize any 
volatile organic matter. Owing to the labour of purification, 

* pure water is an expensive liquid, costing about £1 per litre. 

Heavy Water.—A very fascinating discovery has recently 
been made about water. Various scientists have shown that 
a few hydrogen atoms in a jar of the gas are different from 
the rest; they are, in fact, twice as heavy and so have an 
atomic weight of 2. It has been possible to isolate a quantity 
of this heavy hydrogen or “ diplogen” and to make it com¬ 
bine with oxygen to form “ heavy water,” of molecular weight 
2 -I- 2 -f 16 = 20. Heavy water has a different specific gravity 
from that of ordinary water, and does not boil at 100® C. 
or freeze at 0® C. Moreover, it is apparently poisonous to 
plants if undiluted by ordinary water. 

^ Water of Crystallization.—Many substances have the 
power of combining directly with water, to form compounds 
in which the water is more or less loosely held. These com¬ 
pounds are called hydrates, and will generally give up their 
“ water of hydration ” on heating. In many cases hydrates 
are crystalline compounds which lose their crystalline form 
when the water is driven off : these are called crystalline 
hydrates, and the water in them is called “ water of crystalliza¬ 
tion” Copper sulphate crystals, for example, are copper 
■ ^sulphate pentakydrate, CUSO 4 . 5 H 2 O, while barium chloride 
crystals have the constitution BaCl 2 . 2 HjO. 

Many crystalline hydrates effloresce on exposure to air ; 
that is, they lose some or all of their water of crystallization 
and fall to a powder. Experiment has shown that hydrates 
will effloresce if the vapour-pressure of the water of crystalliza¬ 
tion they contain is greater than the partial pressure of 
water-vapour in the atmosphere. It sometimes happens, 
(therefore, that a salt which is not efflorescent when the 
relative humidity of the air is high will effloresce when the 
air is drier. 

Deliquescence is a related phenomenon, but is not confined 
to hvdrates ; it may be shown by any substance which is 
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very soluble in water. A deliquescent substance absorbs 
moisture from the air and gradually turns to a solution; 
common examples are calcium chloride, caustic potash, and 
caustic soda. 

Hygroscopic substances are those which absorb moistare ; 
from the air ; they may or may not deliquesce. All deli- / 
quescent substances are hygroscopic, of course, but not all 
hygroscopic substances are deliquescent. A hygroscopic sub¬ 
stance which is not deliquescent is quicklime ; another is 
black copper oxide (CuO). 

Hardness of Water.—Water that will not readily lather 
with soap is said to be hard. Soap consists mainly of sodium 
stearate, and is made by boiling mutton-fat with caustic soda 
solution. Mutton-fat is a compound of glycerol (“ glycerine ”) 
with an acid called stearic acid ; when it is heated with caustic 
soda solution the glycerol is liberated and sodium stearate • 
is formed— i 

glyceryl stearate + caustic soda = glycerol + sodium stearate 

(Mutton fat) (Soap) 

Soap is soluble in water, the solution having a “ soapy ” 
feel and lathering readily. If, however, soap is added to 
hard water, a curdy precipitate is formed, and much more 
soap is needed in order to produce a lather. Analysis of the 
curdy precipitate shows that it consists chiefly of calcium 
stearate. We may therefore conclude that hardness in water 
is due to the presence of soluble calcium compounds which —. 
decompose the soap and thus prevent the formation of a 
lather until sufficient soap has been added to precipitate all 
the calcium as calcium stearate— 

sodium stearate calcium compound = calcium stearate 4' 

+ sodium compound. 

It is clear from this equation that the hardness of water 
will depend on the weight of calcium per stated volume, and 
will not be affected by the nature of the acid radical with ' 
which the calcium is combined. The hardness of water is, 
however, usually expressed in terms of grains of calcium 
carbonate per gallon. 

The chief salts which cause hardness are the bicarbonates 
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and sulphates. The former are present in water which has 
trickled through limestone rocks. Although calcium car- 
bonate is insoluble in pure water, it dissolves in water contain¬ 
ing carbon dioxide, owing to the formation of the bicarbonate, 
wMch is soluble— • 


\ CaCOa + HjO -f- CO, = Ca(HCO,),. 


Natural water always contains carbon dioxide, which it has 
acquired in its passage, as rain, through the air, or which it 
has absorbed from the soil, where carbon dioxide is con¬ 
stantly present. Hence if natural water flows over calcium 

carbonate rocks it becomes hard. 

Hardness due to calcium sulphate occurs only in those 
districts in which this compound is present in the soil ; it 
is, however, fairly widely distributed, and hence is a common 


cause of hardness. 

Hardness may be estimated by titrating a measured volume 
> of the water with a standard soap-solution until a “ perma¬ 
nent ” lather is obtained on shaking. (Permanency here 
means a duration of two minutes.) The soap-solution is 
standardized against a standard solution of calcium chloride. 

“ Softening ” of Hard Water .—Water may be softened 
(that is, its hardness may be removed) by removal of the 
calcium salts which it contains. In the case of hardness due 
to bicarbonates, merely boiling the water is sufficient, since 
the bicarbonate decomposes on heating and the normal 
• carbonate is precipitated— 

Ca(HCO,)a = CaCO, + CO, + HgO. 


Such hardness is therefore said to be temporary, as opposed 
to that caused by the sulphate. This cannot be removed 
by boiling the water, and the hardness caused by it is called 
permanent. 

The softening of the water used in large to^vns is an impor¬ 
tant problem, since very hard water is in many ways objec- 
* tionable not only for domestic use but also in industry. It is 
obviously impossible to soften the whole of a town’s water 
supply by the process of boiling. Other methods are therefore 
employed. Clark’s method for removing temporary hard- 
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ness consists in adding to the water just sufficient linu to 
convert all the bicarbonate into normal carbonate— 

CaCHCOg)* + CaO = 2CaCOa ^ + HjO. 

Care must be taken, of course, not to add too much lime, 
or the last state of that water will be worse than the first. 

Permanent hardness is removed by the addition of the 
calculated quantity of sodium carbonate to bring about the 

CaSO* + NagCOg = Na.SO^ + CaCOg . 

A modern method of completely softening hard water is 
the zeolite or permutite process. “ Permutite ” consists of a 
sodium aluminium silicate. When hard water is allowed to 
flow through a tube containing this substance the calcium is 
retained as calcium aluminium silicate ; the spent permutite 
can be regenerated by pouring on to it a strong solution of 
salt and washing out the calcium chloride so formed. 

Softening : NaAl silicate + Ca salt 

s= CaAl silicate + Na salt, 
(insoluble) (soluble) 

Regenerating : CaAl silicate + Na chloride 

= Ca chloride + NaAl silicate. 

(washed out) (regenerated) 

Very soft water is unsuitable for a general water-supply, 
since not only does it taste “ flat ” (owing to absence of carbon 
dioxide), but it also dissolves lead from the lead pipes through 
which it almost always flows at one part or another of its 
course. The action of the water on the lead in the presence 
of air results in the formation of lead hydroxide, Pb{OH)j, 
which is appreciably soluble. Lead salts are distinctly 
poisonous, and, as they do not pass out of the body, continued 
use of drinking-water containing lead would finally produce 
symptoms of lead-poisoning. With hard water, however, a 
coherent Hning of a carbonate of lead is formed on the pipes 
and further solution of lead is therefore prevented. 

The “ furring ” of kettles is caused by the precipitation of 
calcium carbonate on boiling temporarily hard water. The 
formation of stalactites and stalagmites in oaves in limestone 
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districts (Cheddar, etc.) is due to the slow decomposition of 
calcium bicarbonate in the water which drips from the roof 
of the caves, with consequent deposition of calcium carbonate 

_part being deposited on the roof (stalactite) and part on 

"the floor when the drops fall (stalagmite). “ Boiler-scale ” 
consists of a hard mass of calcium carbonate and calcium 
sulphate. 

Tests for Water, 

(i) [Absence of] Taste. (ii) [Absence of] Smell. 

(iii) Freezing-point 0® C. 

(iv) Boiling-point 100® C. at 760 mm. pressure. 

(v) When added to calcium carbide yields acetylene— 

CaCa + 2HjO = Ca(OH )2 + CaH,. 

(vi) When added to anhydrous copper sulphate, CuSO* 
which is white, the blue hydrated salt, CuSOa.SHjO, is formed 


Ozone, O* 

When the silent electric charge is passed through oxygen, 
the latter is partially transformed into a peculiar modifica- 



tion, known as ozone on account of its smell (from the Greek 
020 , I smell). A suitable apparatus is shown in Fig. 51. 

It consists of two co-axial tubes, the outside of the outer 
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one and the inside of the inner one being coated with tin-foil. 
The oxygen is passed through the space between the tubes, 
and the two coats of tin-foil are connected one to one terminal 
of an induction coQ and the other to the other terminal. 
On passing the discharge, part of the oxygen is converted 
into ozone. 

Ozone is a powerful germicide, and for this reason is used 
to purify the air in underground railways, etc. 

Properties.—Ozone is a pale blue gas, and has strong 
Oxidizing powers. Thus it liberates iodine from potassium 
iodide— 

2KI + H^O + 03 = 2KOH + I* + O*. 
and will convert black lead sulphide into white lead sulphate— 

PbS + 40, = PbSO. + 4 O 3 . 

One of its most characteristic properties is that it will make 
mercury “ tail,” i.e. stick to glass. It is said to occur in 
small traces in the lower atmosphere, where it may be formed 
during thunderstorms. It certainly exists in large quantities 
in the upper atmosphere, where it plays an important part in 
absorbing much of the ultra-violet radiation from the sun. 
Without this screen, the ultra-violet rays would probably be so 
strong as to kill most living things on the surface of the earth. 

That ozone consists of nothing but oxygen follows from 
the facts : 

(i) it can be made from absolutely pure oxygen and nothing 
else ; 

(ii) when it is decomposed nothing but oxygen is obtained. 
Formula.—The formula for ozone can be discovered by 

appl 3 dng Avogadro’s Hjrpothesis to the experimentally 
observed result that, on decomposition, 2 volumes of ozone 
jrield 3 volumes of oxygen. 

2 molecules of ozone yield 3 molecules of oxygen, 
the ozone molecule must consist of !!• molecules, or 3 
atoms, of oxygen. 

Allotropy.—We have here met with our first example of 
what is a quite common phenomenon, viz. allotropy. When 
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an element exists in more than one form {in the same physical 
state), those forms being physically and often chemically distinct, 
it is said to exhibit allotropy, and the different foims are called 
allotropes or allotropic forms. Ozone is therefore an allotrope 
-^of oxygen. In this case, the allotropy is accompanied by 
a different molecular structure, so that it has been suggested, 
as a reasonable idea, that allotropy is always to be accounted 
for (a) by variations iA the number of atoms in the molecule, 
or (6) by variations in the arrangement of the atoms in the 
molecule, or (c) by both (a) and (6). 

Other elements that exhibit allotropy are sulphur, carbon, 
phosphorus, and tin. 


Hydrogen Peroxide, HjOa 

In addition to its normal oxide, water, HjO, hydrogen 
y forms a second oxide containing a further atom of oxygen. 
This oxide, which is a colourless syrupy liquid, is called 
hydrogen peroxide, and has the formula HgOa- It was dis¬ 
covered in 1818 by Th^nard, but was first obtained pure by 
WOLFFENSTEIN in 1894. 

Preparation.—Hydrogen peroxide is prepared by acting 
upon barium peroxide with the quantity of cold dilute sul¬ 
phuric acid required by the equation— 

BaO, + H.SO, = BaSO. ^ + H^O,. 

The barium sulphate, which is precipitated, is filtered off, 
and the aqueous filtrate of hydrogen peroxide is then con¬ 
centrated by evaporation under reduced pressure. 

Barium peroxide, BaOj, is a white powder made by heating 
barium oxide, BaO, a substance closely resembling quick¬ 
lime, in air or oxygen— 

2BaO Oa = 2BaOa. 

j Properties.—Pure hydrogen peroxide is difBcult to obtain, 

since it so easily decomposes into water and oxygen— 

2HaOa = 2HaO -f O,. 

It is therefore usually, met with only in comparatively 
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dilute solution. On a bottle of the solution you will see the 
words “ 10 volume ” or “ 20 volume.” These indicate the 
number of c.c. of oxygen which can be obtained, at ordinary 
temperature and pressure, by decomposing the hydrogen 
peroxide in 1 c.c. of the solution into water and oxygen, J 
according to the above equation. 

• Exercise. —What is the strength, in grams per litre, of a 20-volume 
solution of hydrogen peroxide ? 

Hydrogen peroxide is a powerful oxidizing agent, owing 
to the ease with which it loses it« extra atom of oxygen and 
is converted into water. Thus it wiU liberate iodine from 
acidified potassium iodide solution, 

HaSO, + 2KI + = KSO 4 + + 2H,0, 

4 

and converts lead sulphide into lead sulphate— 

PbS + 4H,02 = PbSO. + 4HaO, ‘ 

just as ozone does. To distinguish between ozone and hydro¬ 
gen peroxide we may make use of the fact that hydrogen 
peroxide will turn a solution of potassium dichromate, acidi¬ 
fied with dilute siilphuric acid, a fine deep-blue colour, whereas 
ozone will not. The blue substance is called perckromic 
acid. It is unstable in aqueous solution, but if ether is added 
the perchromic acid dissolves and the blue ethereal solution 
floats on the top. 

Hydrogen peroxide is used for bleaching delicate fabrics, 
such as silk and wool. It is also used as a disinfectant, since 
it readily kills germs. 

When manganese dioxide, or a finely-divided metal, is 
added to a solution of hydrogen peroxide, decomposition 
occurs, and oxygen and water are formed. The action is 
catalytic. 

Formula.—(i) On decomposition, hydrogen peroxide yields 
water and oxygen and nothing else, it consists of hydrogen 
and oxygen. 

(ii) 34 parts by weight of hydrogen peroxide yield 18 parts 
by weight of water and 16 of oxygen, its empirical formula 
must be HO. 
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(iii) Its molecular weight, determined by the cryoscopio 
method (p. 100), is 34. 

Hence the true formula must be (HO )2 or HgO*, 


Questions 

1. ^Vhat do you know of the phlogiston theory T 

2. Who were the men who suggested the phlogiston theory T 

3. When litharge is heated with carbon, lead is formed. How was 
this fact explained by the phlogistonists ? 

4. Who discovered oxygon, and when ? 

5. How was oxygen first prepared ? 

6. Why was the name dephlogislicated air given to oxygen by its 
discoverer ? 

7. Wbat reasons led Lavoisier to disbeliovo In the phlogiston theory 1 

8. Describe Lavoisier's famous experiment with mercuric oxide, 
and state what conclusions he drew from it. 

^ 9. What happened to Lavoisier ? 

10. Do you think the Revolutionist who said The Republic has 
no need of men of science ** was right ? 

11. How would you prepare and collect a specimen of dry oxygen ? 

12. What is a catalyst ? Give an example. 

13. \Vhat are the chief properties of oxygen t 

14. Write equations for the changes which take place when the 
following elements are burnt in oxygen—sulphur, carbon, phosphorus, 
iron, sodium, magnesium. 

15. Define the terms oxidation and redticiion. 

16. Give six examples of oxidation and six of reduction*. 

17. Name six oxidizing agents and six reducing agents. 

18. How are oxides classified 7 

10. If you were given an oxide, wbat experiments would you make 
in order to decide to which class it belonged 7 

20. What are the principal properties of (a) acids and (6) bases 7 

21. Give two general methods for preparing (a) acids, (6) bases, and 
(c) salts. 

22. If you were given metallic zinc, state how you would prepare 
from it (a) zinc sulphate, (6) zinc carbonate, (c) zinc oxide, (d) zinc 
hydroxide. 

23. Define the terms basicity^ acid salt, basic salt, normal salty illus* 
* trating your answer by means of examples. 

24. How may the composition of the air be determined (a) volu- 
metrically, (6) gravimetrically 7 

25. Is air a mixture or a compound 7 Give full reasons for your 
answer. 
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26. Upon what evidonce is the formula H 2 O assigned to a molecule 
of steam T 

27. Define water 0 / erysialHzation^ efflorescence^ deliquescence^ hydrate. 

28. What is meant by hardness in water ? 

29- What is hardness caused by ? 

30. How may hard water be softened ? 

31. How may the hardness of water be estimated T 

32- How would you test a given liquid to decide if it was water 
or not ? 

33. How is ozone prepared ? What are its properties t ^ 

34. Define allotropy and give two examples of the phenomenon 1 

35. Upon what evidence is the formula assigned to ozone t 

36- How is hydrogen peroxide obtained ? 

37. What are the properties of hydrogen peroxide t 

38- What is the action of hydrogen peroxide on (a) lead sulphide 
and (b) potassium iodide solution ? 

39. How may a solution of hydrogen peroxide be distinguished 
from a solution of ozone ? 

40. Upon what evidence is the formula given to hydrogen 

peroxide t 


CHAPTER XV 


CHLORINE, BROMINE AND IODINE 

The various members of a human family resemble one 
another more or less closely ; they have, in fact, as we say, 
a “family resemblance.” Yet we can easily distinguish 
them from one another, except in the case of a pair of iden¬ 
tical twins—and even here the task is not as a rule absolutely 
r impossible. A study of the chemical elements reveals the 
fact that some of them are very similar in their properties 
to others, and so chemists have arranged them in “ families,” 
each family consisting of a group of more or less similar 
elements. There is one difference between a human family 
and a chemical family which will strike you at once, namely, 
that in the former tke similarity between the members is 
due to the fact that they have descended from the same 
parents, whereas we do not imagine the members of a chemical 
family to owe their resemblance to a cause of this sort. 
'^Modern research has shown, however, that there is reason to 
believe that all the chemical elements are composed of particles 
of positive and negative electricity, which we may therefore 
call, if we like, their Adam and Eve. 

One of the most interesting and important chemical families 
is that which consists of fluorine, chlorine, bromine and iodine. 
These elements are all highly chemically active, and since 
they will all combine directly with metals, forming salts, 
‘they are called the Halogens —a word which is derived from 
the Greek, and means “ salt-producers.” Other families are 
the alkali-metals (lit hium , sodium, potassium, rubidium and 
caesium), the inert gases (helium, neon, argon, krypton, 
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xenon, radon) and the nitrogen family (nitrogen, phosphorus, 
arsenic, antimony and bismuth). All the members of the 
same family have similar properties : the similarity may be 
very great, as in the alkali-metals, or rather vague, but it is 
always sufficient to be noticeable. The similarity is not con- ^ 
fined to the elements themselves, but extends to their com¬ 
pounds. Thus we shall find that the compound which 
hydrogen forms with chlorine (hydrochloric acid, HCl) is very 
similar indeed to the compound of hydrogen with bromine 
(hydrobromic acid, HBr), and this again to the compound 
of hydrogen with iodine (hydriodic acid, HI). At the end 
of the chapter you will find a table which shows the properties 
in which the halogen elements resemble one another, and 
you should make one to show those in which they differ. 
Fluorine is the scapegrace of the family, and has a row at 
every encounter with other elements (and most compounds) 1 ( 
Chlorine on the other hand is a . hard-working, respectable 
element, anxious to get on in the world, but possessed of a 
somewhat fiery temper. Bromine is rather lazy, and has 
other objectionable habits which bring tears to our eyes, but 
the pet of the family is the modest and unassuming iodine. 
Even she, however, is not entirely without blemish, for when 
heated in a discussion she is apt to become purple in the 
face. Anyhow, no one will deny that they are a family 
worth knowing, so let us haste to make their acquaintance. 
Of fluorine we need not speak in this place ; suffice it to say _ 
that although the chemical police had been on his track for a 
century, he always managed to elude them, until ‘ ‘ a smart 
capture was effected in Paris ” by Professor Henri Moissan 
in 1886. 

Chlorine 

Chlorine was the gas with which the Germans made a sur¬ 
prise attack upon the Allies in the spring of 1915. It is ^ 
an extremely irritating and poisonous gas, and the bravery 
of the men who faced it without gas-masks or other protection 
passes description. Its poisonous nature can, however, be 
turned to a more humane purpose, and chlorine has found 
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extensive use as a means of sterilizing germ-infected water 
and so rendering it fit for drinking. 

Preparation of Chlorine.—Chlorine is prepared in the 
laboratory by heating manganese dioxide with concentrated 
^ hydrochloric acid. The apparatus employed is shown in 
Fig. 52. The manganese dioxide and hydrochloric acid are 
placed in a round-bottomed flask fitted with a cork carrying 
a delivery-tube. The delivery-tube leads to the bottom of 
a dry gas-jar, the mouth of which is loosely closed with a 
piece of cardboard pierced with a hole through which the 
tube passes. 

On gently heating the flask, chlorine is at once evolved, 
and passes over into the gas- 
jar. It is much heavier than 
air (its vapour density is 35*5, 
whereas that of air is 14*4), 

, so that it can be conveniently 
collected by this method of 
displacemerU. As the gas goes 
downwards, some people say 
that it is collected by down- 
imrd displacement. Others say 

...... j FiO. 62.—Preparation of 

that as the air goes upward Chlorine. 

we ought to call this method 

■upward displacement. You can choose which you like, only 
when you have made your choice stick to it, and in an exam- 

* ination always put in a figure, as your examiner may have 
made the opposite choice. 

What happens in this reaction 1 Well, manganese dioxide 
is blessed with a superabundance of oxygen. The ordinary 
valency of manganese is 2, so that the normal oxide is MnO. 
Manganese dioxide, however, has the formula MnOg, i.e. the 
manganese has 1 atom of oxygen more than it is really 
entitled to. This is taken away from it by 2 molecules 

* of hydrochloric acid, the hydrogen in the acid combining with 
the oxygen to form water. The chlorine is thus liberated 
and comes off— 

MnO, -b 2HCa = MnO + H,0 -f Cl,. 
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The manganese oxide which is left is a basic oxide, and 
reacts with more hydrochloric acid to give manganese chloride 
and water {acid + base = salt + water)— 

MnO + 2HC1 = MnCU + HaO. 

Combining these two equations into one, we can write— X 

MnOa + 4HC1 = UnCU + + Cl^. 

From this equation we can see that, in this method of pre¬ 
paration, we get only half the chlorine that is contained in 
the hydrochloric acid we use, the other half remaining 
behind as manganese chloride. It is, therefore, rather a 
wasteful method. Let us see how much chlorine we should 
get if we started with 10 grams of manganese dioxide and , 
enough hydrochloric acid to ensure that all the dioxide was 
used. The atomic weight of manganese is 55 and that of 
chlorine is 35-5. The molecular weight of manganese dioxide, 
MnOj, is 55 + 2 X 16, i.e. 87. Using 1 molecule of man- 
ganese dioxide we get 1 molecule of chlorine (since the 
molecule of chlorine consists of 2 atoms) ; hence 1 gram- 
molecular-weight of manganese dioxide wiU yield 1 gram- 
molecular-w’cight of chlorine, that is 2 x 35*5 or 71 grams. 

Hence 10 grams of manganese dioxide would yield— 


— X 71 grams of. chlorine = '8-2 grams. 
87 


However, as chlorine is a gas, we shall probably want to 
know its volume rather than its weight. We can easily cal- ^ 
culate this. We know that the gram-molecular weight of 
any gas at N.T.P. occupies 22-4 litres. 

71 grams of chlorine occupy 22*4 litres at N.T.P. 

8-2 grama of chlorine at N.T.P. occupy X 22-4 

litres at N.T.P. 


= 2-59 litres. 

The volume at any other temperature and pressure can be ^ 
found by applying the gas laws in the usual way. 


If you think about the reaction between manganese dionde 
and hydrochloric acid, you will see that the essential thmg 
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about it is the removal of hydrogen from the acid. Now, we 
have seen before (p. 180) that removal of hydrogen is called 
oxidation. What has happened, in fact, is that the excessive 
oxygen of the manganese dioxide has oxidized the hydro- 
chloric acid, converting its hydrogen into water, and thus 
setting the chlorine free. This would lead us to expect that 
other oxidizing agents might have the same effect, and our 
expectation would be justified in practice. Practically any 
oxidizing agent, when heated with hydrochloric acid, will 
liberate its chlorine. Think of all the oxidizing agents you 
can, and try test-tube experiments in the laboratory to see 
which of them cause the liberation of chlorine when heated 
with hydrochloric acid. 

We generally use manganese dioxide in the laboratory 
because it is cheap and efficient, and also because, since its 
molecular weight is low, a small quantity of it will yield a 
^ large volume of chlorine. The only objection to it is that it 
will not work in the cold. If your experiment is simply the 
preparation of chlorine, this does not matter much, but some¬ 
times you want a stream of chlorine to use in another experi¬ 
ment. In this case, having to heat a flask may be a nuisance, 
80 an alternative method is often employed in these circum¬ 
stances. It consists in adding hydrochloric acid to potassium 
permanganate, ICMn 04 , when chlorine is at once evolved with¬ 
out the application of heat. Potassium permanganate is one 
of the most powerful oxidizing agents known. It has 5 atoms 
*^ 0 ! oxygen available for oxidizing purposes, as we shall see if 
we write the formula for 2 molecules of it K 3 O. 2 MnO. 5 O. 
As potassium is univalent, the 2 atoms of it in the molecules 
of the permanganate hold 1 atom of oxygen between them ; 
similarly the 2 manganese atoms hold an oxygen atom each. 
That accounts for 3 oxygen atoms ; the other five are—we 
may imagine—held by false pretences, and are only too eager 
to get away. The result is that when hydrochloric acid is 
’ added to the potassium permanganate, the following reaction 
takes place : 


2 KMn 04 -f- 16HC1 = 2KC1 + 2MnCl* + 8H3O + SCI*. 
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To understand this equation better we can split It up as 
follows: 


(i) 

(ii) 

(iii) 


K^O 

2MnO 

50 


2 KMn 04 
4 - 2HC1 
-f 4HC1 
+ lOHCl 


K2O.2MnO.5O. 
2KC1 + H 2 O. 
2MnCl2 + 2 H 2 O. 
5 H 2 O + 5Cla. 



Adding (i), (ii) and (iii) together we get— 

2KJMn04 + 16HC1 = 2KC1 + 2MnCl2 + 8 HaO + 5C1., 
the equation given above. 



Fia. 63.—Preparation of Chlorine from Potassium Permanganate. 


Calculate what volume of chlorine at 16“ C. and 740 mm. pressure 
could be obtained if 16'8 grams of potassium permanganate were 
decomposed with hydrochloric acid. [K as 39.] 

The apparatus which is used for preparing chlorine in this 
way is shown in Fig. 53. The hydrochloric acid is placed 
in a tap-funnel, whence it is allowed to drop slowly on to the j 
potassium permanganate in the flask. The liquid in the 
trough is strong brine, over which chlorine may be collected. 

A third method of getting chlorine in the laboratory is to 
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act upon bleaching-powder (see p. 217) with a dilute acid— 
“ CaOCl. ” + H^SO, = CaSO* + H,0 + Cl,. 

Bleaching-powder Calcium sulphate. 

Properties of Chlorine.—Symbol, Cl. Atomic Weight, 
^35-5. Valency, 1. Atomicity (number of atoms in molecule), 
2 —hence formula is Cl,. 

Chlorine is a greenish yellow gas with a characteristic, 
pungent and very irritating smell. It can be liquefied if 
cooled and compressed, a fact which was discovered by Fara¬ 
day. Liquid chlorine is a golden yellow liquid which boils 
at — 33-6°, and on further cooling solidifies to a yellow crystal¬ 
line solid whose melting-point is — 102°. Liquid chlorine is 
put on the market in steel cylinders. A 10-lb. cylinder is a 
convenient size for school use. 

Chlorine is a very reactive element. It will combine 
directly with most metals, forming salts called chlorides. 
AVith sodium, for example, it combines to form sodium 
chloride or common salt, NaCl— 

2Na -i- Cl, == 2NaCl. 

This reaction may be brought about by heating sodium in 
a stream of chlorine. If a trace of moisture is present, the 
sodium takes fix.e and burns brilliantly. Salt, in the form of 
a white powder, is left. Bromine and iodine resemble chlorine 
in this property of combining directly with metals to form 
salts, and for this reason, as mentioned above, these three 
elements (together with the closely similar fluorine) are known 
as the halogens or salt-producers. 

Several other metals will burn if heated in chlorine, and 
if they are finely divided they may even take fire of their 
own accord when plunged into the gas at ordinary temper^- 
tures. Thus powdered antimony—the metal which is so 

popular nowadays for making trinket-boxes, trays, etc._ 

takes fire when sprinkled into a jar of chlorine, forming 
OfUimony chloride. 

Chlorine will also combine readily with several non-metals, 
such as hydrogen and phosphorus. If equal volumes of 
chlorine and hydrogen are mixed together in bright sunlight 
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—conditions which cannot often be fulfilled in this country !— 
the mixture explodes. It may also be exploded by igniting 
it with a lighted taper. The product is a colourless gas, 
hydrogen chloride or hydrochloric acid gas, which is formed 
according to the equation— 

+ Cli = 2HC1. 

We see from this equation that the volume of hydrochloric 
acid gas produced is equal to the volume of the mixture of 
hydrogen and chlorine before explosion, since we start with 

and get 2 mole¬ 
cules formed. Hence, by arguing backwards from Avogadro’s 
Hypothesis, 1 volume of hydrogen will combine with 1 volume 
of chlorine to form 2 volumes of hydrochloric acid gas. Thus, 
to combine with 50 c.c. of hydrogen we should require exactly 
50 c.c. of chlorine, and we should get exactly 100 c.c. of: 
hydrochloric acid gas formed—supposing, of course, that all- 
the volumes were measured at, or corrected to, the same 
temperature and pressure. 

Hydrochloric acid is a very important compound, which 
we shall study in detail later on (pp. 225-233). 

When phosphorus is plunged into chlorine it first melts 
and then takes fire, burning quite vigorously. The product 
consists of a mixture of phosphorus pentacliloride, PCI®, and 
phosphorus trichloride, PCI 3 — 

2P + SCls = 2PCI,. 

2P + 3 CI 2 = 2PC1,. 


2 molecules (1 of hydrogen and 1 of chlorine) 


For more about these compounds, see p. 284, 

Chlorine will dissolve in water. The solution, which has 
the colour and smell of the gas, is called chlorine water. When 
chlorine water is exposed to sunlight, it gradually decomposes 
and oxygen is evolved— 


2C1, + 2H,0 = 4HC1 + O,. y 

The remaining liquid turns out to be a solution of hydro¬ 
chloric acid, as indicated by the above equation. Chemutt 
believe that when chlorine water decomposes, the first thing 
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that happens is that a mixture of hydrochloric acid wifli 
another acid, called hypochloroiLs acid, is formed— 

Cla + H^P = HCl + HCIO. 

^ Hypochlorous acid is an imstable compound, and readily 
splits up into hydrochloric acid and oxygen— 

2HC10 = 2HC1 +0,. 

The sodium salt of hypochlorous acid, eodium hypochlorite, 
NaGlO, is a very good germ-killer. It is the essential sub¬ 
stance in the well-known antiseptic and disinfectant called 
Milton. Hypochlorous acid itself has the power of bleaching 
many coloured substances—that is, it discharges their colour 
and turns them white. The action is probably due to the 
ease with which it loses its oxygen and is converted into 
hydrochloric acid. The oxygen reacts with the dye, and 
splits it up into colourless compounds. 

f This will help us to understand a peculiar fact about chlorine. 
When a piece of dry dyed cloth is put into a jar of chlorine, 
nothing happens. But if the cloth be moistened, it is rapidly 
bleach^. It is clear, therefore, that water must play an 
essential part in the bleaching action of chlorine, and possibly 
what happens is that hypochlorous acid—formed as described 
above—is the real bleaching agent. This, of course, could 
not be formed unless water was present. The bleaching 
action of chlorine may, therefore, be to some extent an 
oxidation of the dye brought about by the h 3 rpochlorous acid 
formed by the action of the chlorine upon water. [It should 
be noted that occasionally, but very rarely, dry chlorine 
will bleach a dry fabric. In this case, the bleaching must 
be due to the reaction of the chlorine with the dye itself.] 
Chlorine will not burn, nor will it support combustion in 
the ordinary way. A burning wax taper, however, will 
continue to burn in chlorine ; its flame becomes dull red, 
and deposits much soot, while white acid fumes are given off. 
'iV^e can understand what happens if we know that the wax 
of the taper is composed of carbon and hydrogen. Owing 
to its great affinity for chlorine, the hydrogen of the wax 
continues to burn, forming hydrochloric acid gas. The carbon 
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is thus left and is deposited as soot. The formula for wax is 
of the type C^j,, where x and y are very large. Suppose 
the wax in a particular taper was CsoHijj. The equation 
for tlie reaction which would occur if such a taper were burnt 
in chlorine is— 

+ 6 ICI 2 = 60C + 122HC1. 

Compounds which consist of carbon and hydrogen only 
are called hydrocarbons. They can all be made to burij in 
chlorine, and the same sort of reaction goes on in each case 
—the hydrogen is converted into hydrochloric acid gas and 
the carbon is left. Thus, if a piece of cotton-wool is soaked 
in boiling turpentine (CicHi*) and plunged into a jar of 
chlorine, the hot turpentine takes fire spontaneously, and 
burns with a reddish smoky flame— 

C,oHis + 8 CI 2 = IOC + 16HC1. , 

Action of Chlorine upon Bromides and Iodides. —Thel 
bromides (p. 239) and iodides (p. 247) are the salts of hydro- 
bromic acid (HBr) and hydriodic acid (HI) respectively. 
When chlorine is passed into a solution of a bromide, bromine 
is liberated and the corresponding chloride is formed, e.g .— 

2KBr + Cl, = 2KC1 + Br,. 

Potassium bromide. 

Similarly, chlorine will act upon a solution of an iodide, 
liberating iodine— 

2NaI + Cl, = 2NaCl + Ii- 

Sodium iodide. 

In this connection it may be noted here that bromine (p. 
233) also will act upon a solution of an iodide, liberating 
iodine— 

2KI -h Br, = 2KBr + I,. 

Potassium Potassium 

iodide. bromide. 

Bromine, therefore, is intermediate in chemical activity 
between chlorine and iodine. 

Action of Chlorine upon Alkalis. —When chlorine is 
passed into cold dilute caustic soda solution, it dissolves m 
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the solution and reacts with the caustic soda according to the 
equation— 

Cl 2 + 2NaOH = NaCl + NaCIO + H,0. 

^ In this way, a mixture of sodium chloride (NaCl) and sodium 
hypochlorite (NaClO) is formed. 

The same sort of reaction occurs with cold dilute caustic 
potash solution— 

Cl* + 2KOH = KCl + KCIO + H*0, 

Potassium 
hjT)o chlorite. 

and with lime-water (a solution of calcium hydroxide, 
Ca(OH)2)— 

201* + 2Ca(OH)* = CaCl* + Ca(ClO)* + 2H*0. 

Calcium Calcium 
chloride, hypochlorite. 

Upon hot and concentrated solutions of alkalis, however, 
chlorine has a different action, a mixture of the chloride and 
chlorate of the metal being formed— 

3Cla + 6NaOH = 5NaCl + NaClO* + SHjO 

Sodium 

chlorate. 

3CU + 6KOH = 5KC1 + KCIO* + 3HaO. 

Potassium 

chlorate. 

Since calcium hydroxide is not very soluble in water, it is 
impossible to make a concentrated solution of it. However, 
* a. thin paste of calcium hydroxide in water will do just as 
well for this purpose. Such a paste is known as milk of lime, 
and chlorine will react with hot milk of hme as follows— 

6C1* + 6Ca(OH), = SCaCl* + Ca(C 103)2 + 6H*0. 

Calcium 

chlorate. 

This reaction is used in the manufacture of chlorates. 
The chlorates are salts of an acid called chloric acid, HCIO3. 

* Bleaching-powder.—We have already seen that chlorine 
can be prepared by the action of a dilute acid upon a sub¬ 
stance called bleaching-powder, for which the formula CaOCls 
has been suggested. Bleaching-powder, otherwise known as 


u 
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“ chloride of lime,” is a white powder made by passing chlorine 
over dry slaked lime or calcium hydroxide— 

Ca(OH), + Cl* = “ CaOCI,” + H,0. 

It is decomposed by all dilute acids, with liberation of 
chlorine. Even the carbon dioxide of the air, in combina¬ 
tion with moisture (i.e. as carbonic acid, HjCOa), is sufficiently 
powerful to decompose bleaching-powder, which therefore 
always smells of chlorine when exposed to damp air. The 
equations for the reactions between bleaching-powder and 
various dilute acids are given below : 

CaOa, -f H,S 04 = CaSO, -f H*0 + a,. 

CaOCl, + 2HNO, = Ca(NO,), + H,0 + Cl,. 

CaOCI, -f 2HC1 = CaCI, -f H,0 + Cl,. 

CaOCl, + H,CO, ii.e. CO, + H,0] = CaCO, -f H,0 + Cl,. 

Since chlorine is such a powerful germ-killer, bleaching- 
powder is largely used as a disinfectant, although its main ^ 
use is, as its name implies, in bleaching. The fabric to be 
bleached is first soaked in a solution of bleaching-powder, 
and then in a solution of a dilute acid. Chlorine is thus set 
free in the fibres of the fabric, which is therefore bleached. 
It would not do to stop here, for chlorine rapidly destroys 
the materials of which cloths are made ; hence the fabric is 
transferred to another bath which contains a solution of a 
substance known as an antxchlor. The purpose of the anti- 
chlor is to take away the unused chlorine left in the cloth and, 
thus to prevent the latter from rotting. The compound 
which the photographers call “ hypo ”—sodium thiosulphate 
-—is often employed ; it reacts with the chlorine as follows— 

4C1, + Na,S,03 + 5H,0 = 8HC1 + HjSO, + NajSO,. 

Sodium Sodium 

thiosulphate. sulphate. 

The cloth is next washed in water and then dried. Much 
bleaching is carried out by means of free gaseous chlorine, ^ 
manufactured by one of the processes described below. Silk i 
and wool are too delicate to be bleached either by free chlorine 
or by bleacbing*powder, since chlorine quickly rots them. 
Linen and cotton goods are, however, not so rea^y attacked, 
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and therefore may be safely bleached in this way. For silk, 
wool and straw, sulphur dioxide is generally employed as the 
bleaching agent (see p. 304). 

Exercise.—I f you were engaged in the bleaching trade, how many 
^ tons of bleaching-powder (auppoaing it to be pure CaOCIt) would you 
bav6 to buy in order to keep your works going for twelve weeks» 
using 1 ton of chlorine weekly t 


Summary of Properties of Chlorine 

I. Physical Properties. 

1. Greenish-yellow colour. 

2. Characteristic pungent smell. 

3. Soluble in water, forming “ chlorine-water.” 

4. Much heavier than air (V.D. = 35-5). 

6. Easily liquefied. 

r 

II. Chemical Properties. 

1. Will not bum. 

2. Will support combustion of some substances, such as 

phosphorus, hydrogen, and hydrocarbons (wax, tur¬ 
pentine, etc.). 

3. Will react with metals to form salts, the chlorides. 

4. Will bleach when moist, owing to formation of the very 

chemically active h 3 Tpochlorou 8 acid. 

5. Will dissolve in caustic alkali solutions ; the nature of 

products depends upon concentration and temperature 
(see p. 217). 

6. A mixture of chlorine and hydrogen will explode in 

bright sunlight, or if ignited. The product is hydro¬ 
gen chloride— • 

H, -f a, = 2Ha. 

Manufacture of Chlorine. —Chlorine is a very important 
• substance commercially, since it is used for bleaching, for 
the manufacture of bleaching-powder, in the dye industry, 
in the manufacture of drugs and chemicals and for many 
other purposes. It is therefore prepared on a large scale, 
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nowadays by an electrical method, which has replaced a 
process know^ as Deacon’s Process, after its inventor. 

L Deacon’s Process. —We have seen that the principle 
of the ordinary laboratory methods for preparing chlorine 
IS the oxidation of hydrochloric acidy i.e. removal of its hydro* 
gen. Now, in industry it is important to keep down the 
cost of production as far as possible, so that the usual labora¬ 
tory oxidizing agents such as manganese dioxide and potas¬ 
sium permanganate are out of the question. Deacon, how¬ 
ever, said to himself, “ There is plenty of oxygen in the air, 
and no one wiU charge me for that. Why should I not 
oxidize my hydrochloric acid with atmospheric oxygen instead 
of with the expensive manganese dioxide ? ” 

He therefore tried the effect of heating a mixture of hydro¬ 
chloric acid gas and air, but although a little chlorine appeared 
to be formed the action was too slow to be of any use. Still, 
he was not discouraged, for he knew that there were various 
ways of making a chemical reaction go more quickly. One 
of them is to add a suitable catalyst to the reacting substances, 
as we have seen when we were studying oxygen. Deacon 
therefore made a large number of experiments to see if be 
could find a substance which would act as a catalyst upon 
the oxidation of hydrochloric acid gas by atmospheric oxygen. 
After many failures he was at last successful: the magic 
substance was copper chloride, CuCl*. If a mixture of air 
and hydrochloric acid gas is passed over heated copper chloride,_ 
the acid is readily oxidized to chlorine_ 

4HCI + O, ^ 2HsO + 2CI,. 

Experiments have shown that the greater the surface of 
t^e catalyst exposed to the mixture of gases, the greater is 
its action and the faster the oxidation proceeds. Hence, in 
Deacon’s process, a mixture of hydrochloric acid gas and air 
was heated in pipes to about 450*, after which it passed into 
another series of tubes containing bricks soaked in copper! 
chloride solution and maintained at a temperature of 480- 
600*. The bricks were porous, and as the 'copper chloride 
solution had penetrated throughout the pores, the surface 
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of catalyst exposed was very large. The reaction goes very 
quickly and smoothly under these conditions. The gas 
which issued from the tubes was passed up a tower filled 
with coke over which water trickled ; in this way the 
< unused hydrochloric acid, which dissolved in the water, was 
regained, and the chlorine, which is much less soluble, passed 
on. It was dried by passing through concentrated sulphuric 
acid. 

The chlorine obtained in this way was very dilute, being 
mixed with about fifteen times its own volume of nitrogen 
and unused air ; it was therefore not suitable for compression 
into steel cylinders, since customers at a distance were not 
willing to pay carriage on cylinders of a gas which was only 
6 per cent, chlorine. Chlorine prepared by Deacon’s process 
was therefore either used on the spot for bleaching, or else 
was converted into bleaching-powder. 

# 2. Electrical Process. —In the electrical process a con¬ 

centrated solution of common salt is electrolysed, when 
chlorine is given off from the anode. Caustic soda is obtained 
as another product in the same process ; this is formed by the 
action of the sodium (which is liberated at the cathode) upon 
the water, in the usual way— 

2Na + 2HaO = 2NaOH + H,. 

It will bo seen that still another valuable substance is 
obtained, namely hydrogen, which is used in the manufacture 
of ammonia, margarine, etc. This process is therefore an 
admirable example of the fulfilment of a chemical manu¬ 
facturer’s dream—to have no waste products whatever ! If 
a manufacturer gets a great deal of a certain by-product in 
the course of his process, he always tries to find some use 
for it. Occasionally the waste-product turns out in the end 
to bo more valuable than the main one. 

Several different types of apparatus are employed in the 
* electrol 3 rtic process for the manufacture of chlorine. The 
Nelson ceU is shown in Fig. 54. 

It consists of a vessel made of compressed asbestos sur¬ 
rounded by a steel net which forms the cathode. The brine to 
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be electrolysed is placed in the vessel, and soon makes the 
walls damp throughout, though no liquid is actually lost. 
The anode is made of a stout graphite rod, dipping into the 
brine, and the cell as a whole is enclosed in an outer case 
through which steam can be blown. On passing the current, ' 



chlorine is liberated at the anode, whence it is led away 
through a suitable pipe. The sodium which is set free at the 
cathode immediately reacts with the steam, forming caustic 
soda and hydrogen : 

2Na + 2HaO = 2NaOH + H,. 

The caustic soda solution is run off from time to time and 
evaporated, the fused caustic soda .so obtained being allowed 
to set in suitable moulds as sticks or pellets. The hydrogen 
is a valuable by-product. 

Occurrence of Chlorine.—Chlorine is so chemically active 
that it does not occur naturally in the free state. In the | 
form of its compounds with sodium, potassixun and magnesium, 
viz. sodium chloride, potassium chloride and magnesium 
chloride, it is widely distributed in large quantities. Sodium 
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chloride, NaCl, is found as rock-salt in very large deposits in 
England (Cheshire), Galicia (near the town of Wielickza), 
and Germany (Stassfurt). It is also found dissolved in 
brine-springs (Droitwich, etc.) and in the sea. Potassium 
< and magnesium chlorides are found in the solid state at 
Stassfurt, and in solution in sea-water. Silver chloride, 
AgCl, or horn silver, is also found native, though in com¬ 
paratively small quantities. Chlorine is essential to the life 
of both plants and animals, which usually require it in the 
form of sodium chloride, common salt. 

History of Chlorine.—Chlorine was discovered in 1774 
by Carl Wilhelm Scheele, who made it by the action of 
muriatic acid (the substance we now call hydrochloric acid, 
HCl) upon pyrolusite (the crude mineral form of manganese 
dioxide, MnO,). At first it was regarded as a compound con¬ 
taining oxygen, but Sir Humphry Davy, in 1810, showed 
/ that it was an element, and gave it its present name “ chlorine ” 
(from the Greek chloros, greenish yellow). 

Chlorine as an Oxidizing Agent.—Owing to its great 
affinity for hydrogen, chlorine will often remove the latter 
element from compounds containing it {e.g. wax). Now 
we have already seen that removal of hydrogen from a sub¬ 
stance is equivalent in some respects to adding oxygen to 
it, so that the term oxidation includes cases of this sort. 
Hence chlorine is an oxidizing agent. However, its oxidizing 
actions are not confined to changes of the types just described, 
^ for in the presence of moisture the action of chlorine may 
sometimes result in the actual addition of oxygen to the 
substance concerned, the oxygen, of course, coming from 
the water. Thus when chlorine is passed into a solution 
of sulphur dioxide in water, sulphuric acid is produced ; 
the chlorine is at the same time reduced to hydrochloric 
acid— 

^ SO, 2H,0 -f- Cl, = HaSO* + 2HC1. 

A solution of sulphur dioxide in water may be regarded as 
a solution of sulphurous acid, H 2 SOJ (HjO -I- SO 2 = H 2 SO 5 ). 
The above reaction is thus seen to be an oxidation of the 
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sulphurous acid, H 2 SO 3 , to sulphuric acid, H 2 S 04 , by addi¬ 
tion of an atom of oxygen— 


;H2S03 -h OH 3 H- ClJ = HjSO* + 2HC1. 


An example of the first kin d of oxidizing action of chlorine ' 
is the change which occurs when hydrogen sulphide, HjS, 
is passed into chlorine water. Hydrochloric acid is formed 
and sulphur is precipitated. In other words, the hydrogen 
sulphide has had its hydrogen removed and has therefore 
been oxidized. The chlorine is at the same time reduced to 
hydrochloric acid— 


B.S + CI 3 = 2HC1 + S. 


This reaction may therefore be regarded either (a) as an 
oxidation of the hydrogen sulphide by the cblorinei or ( 6 ) as a 
reduction of the chlorine by the hydrogen sulphide. 

In the section on oxidation, it was stated that the term 
oxidation has now come to include reactions in which the 
change is merely an increase in the proportion of electro¬ 
negative constituent of the molecule (or, of course, a decrease 
in the proportion of electro-positive constituent, which comes 
to the same thing). Chlorine is an electro-negative element, 
i.e. it appears at the anode in electrolysis. Hence, if chlorine 
combines with a substance, that substance must be oxidized. 

Consider, for example, the case of ferrous chloride, FeCU- 
If chlorine is passed into a solution of ferrous chloride, com¬ 
bination occurs and ferric chloride, FeClg, is formed— 


2FeCl3 + Cl, = 2FeCl3. 

The ferrous chloride is therefore said to have been oxidized. 
Conversely, removal of chlorine from a substance is considered 
to be a reduction. 

How TO DRY Chlorine. —Chlorine has no action on sul¬ 
phuric acid, and can therefore be dried by bubbling it through 
the concentrated acid in a Hrechsel bottle (Fig. 56, p. 226). ( 
Chlorine cannot be collected over water, since it is soluble 
neither should it be collected over mercury, which it attacks, 
forming mercuric chloride, HgCl,. It can be collected over 



CHLORINE 225 

strong salt-solution, in which it is not very soluble, or— 
mentioned above—by downward displacement. 


Compounds op Chlorine. 

-f 


Hydrochloric Acid, HCl. 

Hydrochloric acid, or hydrogen chloride, which is a colour¬ 
less gas, can be built up (synthesized) from its elements, by 


the explosion of a mixture of 
equal volumes of hydrogen 


and chlorine. In the labora¬ 
tory, however, it is made by 
the action of concentrated siil- 
phuric acid upon a metallic 
chloride. Any metallic chloride 
will do, but sodium chloride is 
always used in practice, since it 
is the cheapest. The sulphuric 
acid is poured through a 
thistle-funnel on to salt con¬ 
tained in a round-bottomed 



Fio. 55.—Preparation ofHydro 
chloric Acid Gas. 


flask fitted with a cork and delivery-tube as shown in X^ig. 55. 

The reaction takes place in the cold, but is hastened, as 
usual, by the application of heat. The products are sodium 
6t-sulphate and hydrochloric acid gas— 


NaCl + HjSO* = NaHSO, + HCl. 


[If a very high temperature is employed, the further 
reaction— 

NaHSO. + NaCl = Na^SO, + HCl 


may be brought about. In the laboratory, however, only 
the first reaction occurs.] 

The gas is collected by downward displacement, since it is 
heavier than air (V.D. = 18-25; V.D. of air = 14-4), and if 
required dry may be passed through concentrated sulphuric 
acid. Hydrogen chloride is extremely soluble in water, the 
solution formed being the ordinary “ hydrochloric acid ” of 
the laboratory. Since the gas is so soluble, we have to take 
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special precautions when making a solution of it, to prevent 
the water from “ sucking back ” into the flask containing 
the sulphuric acid and salt. You can imagine what an ex¬ 
plosion would take place if water came into contact with 
hot sulphuric acid ! 

When we are making a solution of a very soluble gas, 
therefore, such as hydrogen chloride, we adopt a device 
which keeps the water from running back. There are several 
sorts of apparatus in use ; three of the commonest are shown 
in Fig. 56. 

In the retort method, if the water sucks back it merely falls 




Retort Method. Funnel Method. Reversed Drechsel Bottle Method. 

Fio. 66.—Methods of preventing “ sucking back.” 

into the bulb of the retort and stays there : it can get no 
farther. In the second method, the delivery tube is con¬ 
nected with a funnel which just touches the water in the 
beaker. If the water begins to run up the funnel, the rim 
of the latter soon becomes clear of the surface of the water 
in the beaker, and hence the water which has risen drops back 
again. In the third method, if the water sucks back it simply 
passes into the empty Drechsel bottle, and can get no farther, , 
since the bottle is connected up with the delivery-tube the 
wrong way round. This method is the best. 

Properties of Hydrochloric Acid.—^Hydrogen chloride 
(“ hydrochloric acid gas ”) is a colourless gas with a pungent 
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smell. It fumes strongly in moist air, owing to the formation 
of a cloud of tiny drops of hydrochloric acid solution. It is 
very soluble in water, 1 volume of which will dissolve no less 
than 450 volumes of the gas at 15° C. The solution, and the 
^ undried gas, possess strongly acid properties. Thus ordinary 
“ hydrochloric acid ” will turn blue litmus red, has an acid 
taste, will dissolve metals, and will liberate carbon dioxide from 
carbonates. For example, magnesium and zinc readily dis¬ 
solve, forming the corresponding chloride and liberating 
hydrogen— 

Mg 4- 2HC1 = MgCl* + Ha. 

Zn + 2HC1 = ZnCl* + H*. 

Tin and aluminium are also dissolved by the hot solution— 

Sn + 2HCI = SnCl, + H*, 

2A1 + 6HC1 = 2AlCla + 3H*, 

' but copper and lead are not appreciably attacked. 

Typical examples of the action of hydrochloric acid solu¬ 
tion upon a carbonate are as follows : 

Sodium carbonate : NsjCOa + 2HC1 = 2NaCl -j- HjO + CO*. 

Calcium carbonate : CaCOs + 2HC1 = CaClj + HjO + CO,. 

Copper carbonate : CuCO, + 2HC1 = CuClj + HjO + CO*. 

The salts of hydrochloric acid, i.e. the compounds derived 
from it by replacing its hydrogen by a metal, are called 
Chlorides. You will see that they are the same substances 
as are formed by the direct combination of the metals with 
chlorine. 

Hydrochloric acid is the strongest acid known, being about 
equally strong with nitric acid and 1^ times as strong as sul¬ 
phuric. How is it, then, that sulphuric acid causes the 
liberation of hydrochloric acid when heated with a chloride ? 
If hydrochloric acid is stronger than sulphuric, we should 
expect that the latter acid woiJd be formed when hydro¬ 
chloric u.cid acts upon a sulphate ; it seems strange that.this 
does not happen, but that sulphuric acid produces hydro¬ 
chloric acid when it is heated with a chloride. Well, the fact 
is that in the second action we are not giving the hydrochlorio 
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acid a fair chance. If you were to undertake to fight a cham¬ 
pion boxer, even your warmest supporter would not give much 
for your chances. Hut if the boxer, while retaining his 
strength, developed a distressing malady which had the effect 
of making him so unsteady upon his feet that the slightest 
touch sent him fljing through the air, your chances would be 
considerably improved. l:ou might even succeed in knocking 
him out of the ring, but no one would imagine you to be the 
stronger of the two ; the astonishing result would simply be 
due to the fact that the fight was not under fair conditions. 
The contest between sulphuric and hydrochloric acids is some¬ 
what similar. Sulphiiric acid—a typically British production 
—has the typically British characteristic of being able to sit 
tight in a hot corner ; or, to put it more prosaically, it is not 
volatile, but has a very high boiling-point. Hydrochloric 
acid, however, has the Gallic temperament—it is very 
spirituel, and, indeed, is a gas at ordinary temperature and ’ 
pressure. Hence, when you heat sodium chloride with con¬ 
centrated sulphuric acid, as soon as hydrochloric acid is formed 
it flies off and cannot retaliate by attacking the sodium 
sulphate. The sulphuric acid therefore is the victor. 

To find out wliich reaUy is the stronger of the two, we 
must let them fight under conditions which are fair to both. 
This we can do in several ways, one of which you will easily 
understand. We know that all acids have a great passion 
for caustic soda, which they seize with avidity whenever they ^ 
get the chance. In this respect they are all alike. Well, 
suppose we dissolve equivalent weights of hydrochloric acid 
and sulphuric acid together in some water. They are now in 
a state where the volatility of the one and the non-volatility 
of the other make absolutely no difference. Now, suppose 
we add some caustic soda, but not enough to satisfy both of 
them. They will fight over the booty, and we can measure 
their relative strengths by finding out how much of the, caustic , 
aoda each one manages to capture. We should find that the 
hydrochloric acid got three-fifths of it, and the sulphuric 
acid only two-fifths. Hence the hydrochloric acid is -f times 
as strong as the sulphuric acid. 
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Chlorides.—The metallic chlorides, or salts of hydro¬ 
chloric acid, can be prepared in any of the following ways, 
most of which are of the usual types of methods used in the 
formation of salts of all kinds (see p. 442). One method, 

^ however, is peculiar, in that it consists in the direct union 
of the metal with chlorine (you will remember that this is 
why chlorine is called a halogen). It is obvious that we could 
not prepare, say, sulphates in this way, since the SO 4 group 
of atoms does not exist in the free state. 

(i) Direct union of chlorine and metal, e.g .— 

2Na + da = 2NaCl. 

2Fe + 3Cla = 2 FeCl 9 (ferric chloride). 

(ii) Action of hydrochloric acid upon the oxide or hydroxide 
of the metal, €.< 7 .— 

CuO + 2HC1 = CuClj + H 2 O 

Zn(OH )9 + 2HC1 = ZnClj + 211^0 
' KOH 4- HCl = KCl + HjO. 

(iii) Action of hydrochloric acid upon the carbonate of the 
metal, e.g. — 

MgCOa + 2HCI = MgCU + H 9 O + CO*. 

(iv) Action of hydrochloric acid upon the metal itself, e.g .— 

Mg + 2HC1 = MgCl* + H*. 

(v) In the case of an insoluble chloride, by double decom¬ 
position with a soluble chloride. Thus when sodium chloride 
solution is added to silver nitrate solution, a white curdy 
precipitate of silver chloride is obtained— 

AgNO, + NaCl = AgCl 4 + NaNO*. 

Most metallic chlorides are soluble in water, the chief excep¬ 
tions being silver chloride, AgCl, mercurous chloride, HgaCl* 
(mercuric chloride, HgCl*, “ corrosive subUmate,” is soluble), 
and lead chloride, PbCl*, which is only shghtly soluble in 
cold water but more soluble in hot. 

* On heating with sulphuric acid, the chlorides yield hydro¬ 
gen chloride ; with a mixture of manganese dioxide and sul¬ 
phuric acid, chlorides yield chlorine on application of heat— 
a reaction which is sometimes used for the preparation of 
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chlorine. What happens is that the acid acting upon the 
chloride yields hydrochloric acid, which is then oxidkea by 
the manganese dioxide. The equation for the action in the 
case of sodium chloride is—- 

2NaCl + MnOa + = 

2NaHS04 + MnSO^ + 2H,0 + a,. 

It should be noted that when a metal forms two chlorides 
{e.g. iron), direct action of chlorine upon the metal yields 
the higher chloride, i.e. the one containing the higher propor¬ 
tion of chlorine. Hydrochloric acid, when it acts upon such 
a metal, always yields the lower chloride. Thus with iron— 

Ee + 2HC1 = FeCIj + H, 

Forrous 

chloride. 

2Fe + 3Clj = 2FeCl, 

Ferric chloride. 

[An exception to be noted is copper. When chlorine acts * 
upon heated copper, cuprous chloride, Cu 8 Cl 2 , and not cupric 
chloride, CuClj, is formed. This is because at the tempera¬ 
ture of the reaction cupric chloride is unstable, and splits 
up into cuprous chloride and chlorine— 

2CuCl, = CujCI, + Cl*.] 

Practically all metallic chlorides are reduced to metal if 
heated strongly in a current of hydrogen. The hydrogen is 
converted into hydrochloric acid. 

Constitution of Hydrogen Chloride.—(i) When a mix- 
ture of 1 volume of hydrogen with 1 volume of chlorine is 
exploded, the hydrogen chloride formed is found, on cooling, 
to occupy the same volume as the original mixture, i.e. 

2 volumes. 

Hence, by Avogadro’s Hypothesis, 2 molecules of hydrogen 
chloride contain 1 molecule of hydrogen and 1 molecule of 
chlorine. 

1 molecule of hydrogen chloride contains ^ molecule of ^ 

hydrogen and J molecule of chlorine. 

But the molecule of hydrogen contains 2 atoms, and so 
does the molecule of chlorine. 
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Hence 1 molecule of hydrogen chloride consists of 1 atom 
of hydrogen and 1 atom of chlorine. 

Therefore the formula is 
HCl. 

(ii) This is confirmed by 
finding the vapour density 
(p. 93) of the gas. Measure¬ 
ment shows that the V.D. 

= 18-25. Therefore the mo¬ 
lecular weight is 36-5, since 
M.W. = 2V.D. (p. 94). But 
the atomic weight of chlorine 
is 35-5, hence the molecule of 
hydrogen chloride contains 
1 atom of hydrogen and 1 of 
chlorine (1 35-5 = 36-5). 

(iii) By placing a known 
volume of hydrogen chloride 
in a tube over mercury, and 
shaking it up with sodium 
amalgam (sodium dissolved 
in mercury). The acid is de¬ 
composed, 5 delding hydrogen 
(gas) and sodium chloride 
(solid). The volume of the 
hydrogen which is left is found 
to be exactly half that of 
the hydrogen chloride taken, 

by Avogadro’s Hypothesis, 

1 molecule of hydrogen chlor¬ 
ide contains ^ a molecule of 
hydrogen. 

/. the hydrogen chloride 
molecule must be HCl^. x is 
• found from (ii), the vapour density. 

(iv) Electrolysis of concentrated hydrochloric acid, using 
a carbon anode (Fig. 57), 3 rields hydrogen at the cathode 
and chlorine at the anode. After the liquid has become 
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saturated with chlorine, it will be found that the volume 
of hydrogen which comes off from the cathode in a given 
time is exactly equal to the volume of chlorine evolved from 
the anode in that time. 

What conclusion as to the structure of the hydrochloric 
acid molecule can you draw from the results of this experi¬ 
ment ? 

The composition by weight of hydrochloric acid is of great 
importance, since it 5 ’ields the equivalent of chlorine (and also 
its atomic weight, since its valency is 1 ), upon which the 
atomic weights of so many elements depend. That is, the 
equivalents of many elements—froip which their atomic 
weights are obtained simply by multiplying by the valency 
(see p. 105)—have been determined by finding out what weight 
of them will combine with the equivalent of chlorine. 
You will see that if a mistake were made in finding the 
equivalent of chlorine, all these other equivalents, and there- „ 
fore the atomic weights calculated from them, would also be 
wrong. 

To find the composition by weight of hydrochloric acid, a 
known weight of pure hydrogen was burnt in pure chlorine, 
and the weight of hydrogen chloride so produced was care¬ 
fully measured. By weighing also the chlorine used, the 
accuracy of the experiment was checked ; the weight of 
chlorine + weight of hydrogen should be equal to the weight 
of hydrogen chloride. 


Tests for Chlorine and Hydrochloric Acid. 

1 . Chlorine. 

(a) Smell, {b) Colour, (c) Bleaches moist litmus 
paper, (d) Will turn potassium iodide solu¬ 
tion brown, owing to the liberation of iodine—■ 

2KI + CU = 2KC1 + la. 

(If there is any doubt about the iodine, add 
starch solution, which iodine turns a deep blue 
colour.) 
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2. Hydrochloric Acid. 

(i) Gas. (a) Smell. ( 6 ) Fumes in moist air. 

(c) Forms dense white fumes with ammonia, 
aTMnonium chloride being formed 

NH, -t- HCl = NH^a. 

(d) Turns blue litmus red. 

(ii) Solution, (a) Smell. ( 6 ) Turns blue litmus 

red. (c) Gives a curdy white precipitate of 
silver chloride with silver nitrate solution— 

AgNO, + HCl = AgCl '1' + HNO 3 . 


Bromine 

Symbol: Br ; Valency : 1 ; Number of Atoms in MolecuU : 
f 2 (therefore formula Br^); Atomic Weight: 80; Boiling- 
-point : 59® ; Specific Gravity : 3*2. 

Bromine is one of the two elements which are liquid at 
ordinary temperatures—the other is mercury. It was dis- 
covered by the Frenchman Balard in 1826. It was given 
its present name on account of its horrible smell (Greek, 
bromos, a stench). 

Like chlorine, it does not occur free in nature since it is 
too chemically active. It is found in combination with 
^ metals as bromides, e.g. NaBr, sodium bromide ; KBr, potas¬ 
sium bromide ; and MgBr„ magnesium bromide. These are 
contained in sea-water and in certain mineral springs 
in Ohio (U.S.A.) and elsewhere, and occur also in the 
solid state in the vast deposits at Stassfurt in North 
Germany. 

Preparation.—Bromine may be prepared in the labora¬ 
tory by heating a mixture of potassium bromide, manganese 
^ dioxide and sulphuric acid in a retort. (Cf. the method 
for the preparation of chlorine described on p. 229.) The 
bromine distils over and is collected in a 'tooled receiver 
(Fig. 58). 
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2KBr + MnO, + 3H,SO, = 

2KHSO, + MnS04 + 2H,0 + Br^ 

Potassium Manganeso 
bisuiphatd. sulphate* 



[Qusstiok : How much bromine could you get from 100 grams of 
potassium bromide, and how much manganese dioxide would you 
require ?] 

1 

Other bromides may be used, but the potassium salt is the 
one usually kept in the laboratory. 

On the commercial scale, bromine is obtained from the 
bromides in the Stassfurt deposits and in the Ohio springs. 
A stream of chlorine is passed through hot concentrated 
solutions of the bromides, when bromine is liberated, accord¬ 
ing to the equations— 

2KBr + = 2KC1 + Br^ 

2NaBr + CU = 2NaCl + Br* 

MgBrg + Clj = MgCla + Br*. 

The bromine vapour which comes off is passed through 
a spiral tube surroxinded by water, and most of it is thus 
condensed and may be collected in a receiver. Any uncon¬ 
densed bromine vapour is trapped by passing it up through 
fL email tower containing wet iron filings, where iron bromide 
is formed ; this is used for ma kin g potassium bromide (p. 240). 

The chief impurities in the bromine obtained in this way are 1 
chlorine and water. The water may be removed by shaking 
the bromine with concentrated sulphuric acid. The dry 
bromine is then distilled over potassium bromide (t.e. a little 
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potassium bromide is added to the bromine in the distillation- 
apparatus), and is thus freed from chlorine, which replaces 
the bromine in the bromide and is left behind as potassium 
chloride— 

2KBr + CU = 2KC1 + Brg. 


Hot mother Uquora 
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Fia. 59.—Manufacture of Bromine. 

Properties.—Bromine is a reddish-brown, heavy, volatile 
liquid, which boils at 59°, freezes at — 7*3°, and has a specific 
gravity of 3-2. It readily passes into vapoiir at ordinary 
temperatures. If you look at a bottle of bromine which is 
only half full, you will notice that the upper portion is filled 
* with heavy dark-red fumes. These fumes are bromine vapour : 
they have a very irritating action upon the eyes, nose, and 
throat. Liquid bromine should be used with care, since it 
produces yellow burns when dropped upon the skin. 
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Bromine dissolves slightly in water, forming a solution 
called bromine-water. In its chemical properties bromine 
closely resembles chlorine. Thus it combines directly with 
hydrogen (forming hydrogen bromide), with metals (forming 
salts, the bromides ; hence it is a “ halogen ”), and with 
phosphorus, forming phosphorus iri-bromide, PBrj, and phos¬ 
phorus penta-bromide, PBr^. 

Owing to its affinity for hydrogen, bromine is an oxidizing 
agent, though a less powerful one than chlorine. It will 
bleach, when moist, though not very energetically (bleaching 
action is due to hypobromous acid, HBrO. Cf. bleaching 
action of chlorine, p. 216), and turns starch-solution yellow 
(distinction from iodine, wliich turns starch-solution blue. 
See p. 245). 

Bromine is employed to some extent in medicine and in the 

part of the annual pro¬ 
duction is used for conversion into ethylene dibromide, 
C 2 H 4 Br 8 (p. 337). This is a constituent of “ ethyl ” petrol, 
to which it is added in order to prevent the fouling of the 
sparking-plugs by the lead of the anti-knock substance, lead 
totra-ethyl, Pb(C 2 Hs) 4 . 


dye industry, but by far the greater 


Hydrobromic Acid and the Bromides. 

When hydrogen and bromine vapour are heated together, 
combination occurs, and hydrogen bromide or hydrobromic acid 



gas, HBr, is formed. A convenient way of thus synthesizing 
the gas is to pass a mixture of hydrogen and bromine vapour 
through a tube containing a platinum spiral electrically 
heated (Pig. 60). The platinum, besides heating the gases, 
also acts as a catalyst. 

The equation for the reaction is H, -f- Brj — 2HBr. 
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Note carefully that hydrobromic acid cannot be obtained 
pure by heating concentrated sulphuric acid with a bromide 
(contrast preparation of hydrochloric acid, p. 225), since it 
can act as a mild reducing agent, and as soon as it is formed 
'' it reduces some of the hot sulphuric acid to sulphur dioxide, 
being itself oxidized to bromine— 

(i) KBr + H.SO, = KHSO, + HBr, 

(ii) + 2HBr = 2HaO 4- SO^ + Br„ 

or 2KBr + 3 HsS 04 = 2 KJEtS 04 + 211^0 + SOa + 

It is true that some of the hydrogen bromide escapes de¬ 
composition, but the mixture of gases evolved—hydrogen 
bromide, sulphur dioxide and bromine^-cannot bo con¬ 
veniently purified. 

Preparation in the Laboratory. —Hydrogen bromide 
is therefore generally prepared in another way, namely, by 
* the action of water on phosphorus tribromide, PBr,— 

PBr, + 3HaO = H 3 PO 3 + 3HBr. 

Phosphorous 

acid. 

[Similar reactions with the trichloride and tri-iodide of 
phosphorus give hydrochloric acid and hydriodic acid respec¬ 
tively : 

PCI 3 + 3HaO = H,P03 -f 3HC1. 

PI 3 + 3HaO = HjPOa -f 3HI. 

Hydriodic acid, HI, is indeed prepared in this way (p. 246), 
but the method is not used for hydrochloric acid since simpler 
ones are available.] 

The details of the preparation are as follows : Red phos¬ 
phorus, water and sand are stirred up together into a fairly 
thick paste, which is put into a flask fitted with a cork carrying 
a tap-funnel and delivery-tube (Fig. 61). 

The delivery-tube is connected to a U-tube containing bits 
* of broken glass smeared with a paste of red phosphorus and 
water. Bromine is placed in the funnel and allowed to run 
in slowly. As each drop touches the phosphorus a bright 
flash occurs, and hydrogen bromide is given off. 
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Explanation of action : 

The bromine combines with the phosphorus to form phos* 
phorus tribromide— 

2P + 3Bra = 2PBr,. 


This is then decomposed by the water present, yielding 
phosphorous acid and hydrobromic acid — 


PBra + SHgO = HaPOs + 3HBr. 



Owing to the fact that bromine so easily vaporizes, the 
gas which comes off from the delivery-tube carries with it 
some bromine vapour. This is removed in the U-tube, where 
it is converted into hydrobromic acid by the water and 
phosphorus. The U-tube is, in fact, a secondary apparatus 
for producing hydrobromic acid. 

The hydrogen bromide is then collected by downward dis-' 
placement or over mercury. If a solution of it is required 
it may be obtained by using one of the usual forms of appar¬ 
atus, as shown in the figure. 
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A solution of hydrobromic acid may also be prepared— 

(i) By passing hydrogen sulphide through bromine-water 
and filtering off the sulphur which is precipitated— 

HaS + Br, = 2HBr + S , 

or (Li) by passing sulphur dioxide through bromine-water, 
or bromine covered by a layer of bromine-water— 

SO, + Br, + 2H,0 = HaSO, + 2HBr. 

From the mixture of dilute sulphuric and hydrobromic 
acids obtained in this way, dilute hydrobromic acid may be 
made by distillation. The first portion of the distillate 
contains most of the hydrobromic acid, while the sulphuric 
acid is left behind. 

Properties. —Hydrogen bromide is a heavy colourle.ss acid 
gas which fumes in moist air and dissolves readily in water, 
, giving a strongly acid solution. In its general properties 
it closely resembles hydrogen chloride. It can be condensed 
to a colourless liquid, which boils at — 69° and freezes to a 
colourless crystalline solid at — 86°. 

In solution in water hydrobromic acid slowly decomposes 
on exposure to air and light, the solution turning yellow owing 
to the Liberation of bromine by oxidation— 

O, + 4HBr = 2H,0 + 2Br,. 

Like hydrochloric acid, hydrobromic acid in solution will 
-turn blue litmus red, will corrode and dissolve metals with 
evolution of hydrogen, and will liberate carbon dioxide from 
carbonates, e.g. — 

Mg + 2HBr = MgBr, + H, 

Na,CO, 4- 2HBr = 2NaBr + H,0 -{- CO,. 

Bromides.—^The salts of hydrobromic acid are called 
bromides. They can be obtained from hydrobromic acid in 
any of the usual ways, and also from the metaU themselves 
’by the direct action of bromine—hence bromine is a halogen 
or salt-producer. The most important bromide is jtotassium 
bromide, KBr, which is widely used in the laboratory, in 
medicine, and in photography. It is made from the iron 
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bromide obtained in the manufacture of bromine (p. 234) by 
dissolving it in water and adding potassium carbonate solu¬ 
tion. Ferrous hydroxide is precipitated, carbon dioxide is 
evolved, and a solution of potassium bromide is left from 
which the salt may be obtained by evaporation and crystal- 
lization— 

SFeEr^ + SKaCOa + SH^O = 3Fe(OH)2 + 6KBr + 300^. 

Ferrous hydroxide. 

As the iron bromide from the bromine-works does not jneld 
sufficient potassium bromide to satisfy the demand, more is 
made by adding bromine to iron filings, and is then converted 
into potassium bromide by the method described. 

Potassium bromide may also be made by dissolving broniine 
in hot concentrated caustic potash solution, evaporating to 
dryness, and heating the residual mass of bromide and ^ 
bromate alone or with charcoal. f 

(i) 3Br2 + 6KOH = 5KBr + KBrO, + SH^O. 

(Cf. 3Cla 4- 6K:0H = 6KCi + KCIO, + 3HaO.) 

KBrOs is potassium bromate. 

(ii) 2 ICBr 03 = 2KBr -f 30*. 

(Cf. 2 KCIO 3 = 2KC1 + 3 O 2 .) 

If charcoal is used, then— 

(iii) 2 KBr 03 4- 6C = 2KBr 4- 6CO. 

Carbon monoxtdd. 

Potassium bromide is a white crystalline solid readily soluble 
m water. It is used in medicine as a sleeping-draught. 
When mixed with manganese dioxide and sulphuric acid, it 
yields bromine on heating. (See preparation of bromine, 
p. 233.) When solutions of silver nitrate and potassium 
bromide are mixed, a pale yellow precipitate of silver bromide, 
AgBr, is obtained— ; 

AgNOa 4- ElBr = AgBr 4- KNO,. 

Silver bromide, like silver chloride, is used in photography. 
(See p. 249.) When bromine is dissolved in cold dilute solutions 
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of caustic potash or soda, a mixture of the bromide and hypo- 

bromite of the metal is obtained— 

Brj + 2KOH = KBr + KBrO + HjO 

Potassium 

hypobromite. 

(Compare CIj + 2KOH = KCl + KCIO + H^O.) 

Potassium 

hypochlorite. 

Potassium hypobromite is the salt of hypobromous acid, 
HBrO, corresponding to hypocklorous acid, HCIO. It is very 
similar to potassium hypochlorite, but is much more unstable. 
A solution of it will bleach coloured fabrics. 

Potassium bromate, KBrOj, the formation of which has been 
mentioned above, is a white crystalline solid resembling 
potassium chlorate. When heated it splits up into potassium 
bromide and oxygen, just as the chlorate splits up into potas¬ 
sium chloride and oxygen. 

' Iodine 

Symbol: I; Valency : 1 ; Number of Atoms in Molecule 
{Atomicity): 2 (therefore formula I*) ; Atomic Weight: 127 ; 
Melting-point: 116*; Specific Gravity: 4-93. 

Iodine was discovered in 1812 by a French saltpetre manu¬ 
facturer named Courtois. It was first fully investigated by 
Gay-Ltjssao, who gave it the name of iodine on account of 
the violet colour of its vapour (Greek ioeides, like a violet). 
Like the other halogens, iodine is not foimd free in nature. 

'"It is, however, widely distributed (although in small quan¬ 
tities) in the form of its compounds the iodides {e.g. Nal, 
sodium iodide) and iodates {e.g. NalOj, sodium iodate). The 
chief iodides are those of sodium (Nal), potassium (KI), and 
magnesium (Mgla), which occur in sea-water. It is an inter¬ 
esting fact that seaweeds have the power of absorbing iodine 
from sea-water. Thus, while the percentage of iodine in the 
sea is O-OOl, the percentage in the dry matter of certain sea- 
iweeds is nearly 0'5. Sponges seem to possess this power to 
an astonishing degree : according to Htjndeshagen, the dry 
weight of tropical sponges may contain as much as 14 per 
cent, of iodine ! 
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Iodine is very important in the human body. Lack of it 
may give rise to serious disease, and it is finding increasing 
use in medicine for this reason. 

Sodium iodaie, NalOa, is found as an impurity (about 
0-3 per cent.) in the mineral sodium nitrate, called Chiler 
saUpetre or caliche, which occurs in large deposits in South/ 
America and is probably the fossilized remains of prehistoric 
seaweeds. 

Extraction of Iodine.—Iodine is obtained both from sea. 
weed and from caliche. 

(i) Extraction from Seaweed. —The seaweed is dried during 
the summer months and is then burnt, forming an ash known 
as kelp in this country and as varech in Brittany and Nor* 



Fio. 62.—Manufacture of Iodine from Kelp. 

A. Iron pot. BB. Udells. 

mandy. The kelp consists of charcoal mixed with the iodides 
and other salts (sulphates, carbonates, chlorides, etc.) of 
sodium, potassium, and magnesium. It is stirred up with 
hot'water in iron pots, and the insoluble matter allowed to 
settle. The clear solution is then run off and concentrated 
by evaporation. The sulphates and other salts, being less 
soluble, separate out, while the iodides remain- in solution. 

The concentrated solution of the iodides is mixed with 
manganese dioxide and concentrated sulphuric acid and heated 
in cast-iron pots. The iodine distils over and is collected iiV 
specially shaped condensers called aludels or udells (a word 
which comes to us from the Arab chemists ; it should really 
be al-athdl, al meaning the). The equation for the reaction, 
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as far as the sodium iodide is concerned (those for the potassium 
and magnesium iodides would be similar) is— 

2NaI + MnOa + SH^SO* = 2 NaHS 04 + MnSO^ + 2H20 + I*. 

, The iodine obtained in this way is washed, dried, and then 
purified by sublimation, i.e. by heating it and condensing 
the vapour, which is formed from, and passes back into, the 
solid state without going through the intermediate liquid 
state. 

(ii) Extraction from Chile Saltpetre or Ca/tcAe.—The crude 
sodium nitrate is dissolved in water and the solution then 
concentrated by evaporation. Pure sodium nitrate crystal¬ 
lizes out while the sodium iodate is left in the solution or 
mother-liquor. The mother-liquor is run into wooden or 
lead-lined vats and mixed with a solution of sodium bisul¬ 
phite, NaHSOg, and sodium sulphite, Na^SOj, when the iodine 
comes down as a black precipitate— 

’2NaIO, + 2 NaHS 03 + SNa^SOj = 

5Na2S04 HjO Ij 4' • 

The precipitated iodine is filtered off on filters made of 
coarse canvas, and is then pressed into cakes to get rid of the 
water. It is afterwards purified by sublimation. 

Laboratory Preparation.—In the laboratory iodine is 
generally prepared by heating a mixture of potassium iodide 
and manganese dioxide with sulphuric acid, in a retort. 
Jodine sublimes over into the neck of the retort, whence it 
may be driven, by further heating, into a conical flask used 
as receiver, 

2KI + MnOj + SHjSO* = 2 KHSO 4 + MnSO, + + la- 

Properties.—Iodine is a shiny black crystalline solid 
which sublimes if quickly heated, but if heated slowly 
melts at 116° to a black liquid. The liquid boils at 184°, 
forming a deep purple vapour. The vapour density of 
gaseous iodine at temperatures from just above 184° up to 
600° is 127. Hence the molecular weight is 254. Therefore, 
since the atomic weight of iodine is 127, the molecules at 
this temperature must consist of 2 atoms, that is, they are 
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diatomic —Ij. At 600®, the vapour density begins to get 
smaller, and continues to decrease on further heating, until at 
1,600® it is onlj’’ 63-5. Hence at 1,600® the molecular weight 
is 127, and the molecules must now be monatomic. At 
temperatures between 600® and 1,600®, the vapour density 
lies between 63*5 and 127, and the molecular weight thus lies 
between 127 and 254. These phenomena are explained by 
supposing that at 600® the diatomic molecules of iodine begin 
to dissociate, or to split up into simpler molecules—which in 
this case happen to consist of 1 atom only— 

Above 1,600®, all the diatomic molecules have split up ; below 
600®, none of them has split up ; between 600® and 1,600®, 
some of them have split up while others have not—the nearer 
the temperature is to 1,600° the greater the proportion of those 
which have done so. On cooling, the.reverse changes take, 
place, i.e. the monatomic molecules begin to join up together 
again to form the diatomic ones. 

When the molecules of a substance split up into simpler ones 
on heating, and the simpler ones join together to form the original 
kind on cooling, the substance is said to dissociate and the 
phenomenon is called dissociation. Iodine vapour, then, 
dissociates on heating. Note that, for the change to be called 
“ dissociation,” it is essential that the simpler molecules 
should recombine on cooling. If they' do not, then the 
change is not dissociation. Dissociation is therefore a type 
of reversible reaction, a fact which is indicated in the equation 
by the “ reversed arrows ” sign ; thus— 

I. ^ I -f- I. 

Other substances which dissociate on heating are— 

Nitrogen peroxide (p. 278), N 804 NOj -f- NOj. 

Am monium chloride (p. 267), NH^Cl ^ NH 3 + HCl. j 

Hydriodic acid (p. 246), ~^ H- -f. + I + !•' 

Phosphorus pentachloride (p. 284), PCI 5 ^ PCI 3 -f Cl 2 . 

In each of these cases, the substances on the right-hand 
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side combine to form that on the left-hand side when 
the temperatui*e is lowered. Contrast this with such an 
action aa— 

2KC10, = 2KC1 + 30,. 

This is an irreversible decomposition, and the potassium 
chloride and oxygen will not combine to form potassium 
chlorate again on cooling. 

Iodine is only slightly soluble in water, but is much more 
soluble in liquids like benzene, chloroform, alcohol, and carbon 
disulphide. It will also dissolve readily in potassium iodide 
solution, forming a deep brownish-black liquid. In chemical 
behaviour, iodine is similar to the other halogens, but it is 
not so reactive. Still, a mixture of yellow phosphorus and 
iodine will take fire spontaneously, forming iodides of phos¬ 
phorus. Iodine will also combine directly with many metals, 
forming the iodides, or salts of hydriodic acid, HI. 

The most characteristic property of iodine is its reaction 
with starch. When iodine is added to starch “ solution ” 
a deep blue colour is produced. This reaction is so sensitive 
that 0-00001 gram of iodine in a litre of water may be detected 
by it. On heating, the blue colour disappears, but it comes 
back again on cooling. When the writer was a boy he mopped 
up some iodine solution with a handkerchief, which was thus 
naturally turned deep blue, owing to the starch in it. The 
washerwoman who washed the handkerchief got into a fearful 
-state of mind, for it soon became white in hot water, but when 
she rinsed it out in cold water its gorgeous colour returned. 
Her remarks would not look well in print, particularly in a 
staid and sober text-book on chemistry. 

The blue starch-iodine colour is permanently destroyed by 
addition of ammonia. The composition of the blue sub¬ 
stance is unknowm, 

Hydriodic Acid, HI, 

Like the other halogens, iodine will combine with hydrogen 
to form a colourless acid gas which in this case is hydrogen 
iodide, HI, or hydriodic acid. When a mixture of hydrogen 



246 


AN ELEMENTARY CHEMISTRY 


and iodine vapour is heated, combination occurs, and hydriodio 
acid is formed. However, hydrogen iodide is a rather unstable 
substance, and easily splits up into hydrogen and iodine when 
it is heated. Hence the combination of hydrogen and iodine 
vapour can never be made complete by the action of heat 
an equilibrium is set up, which can be indicated by the equa< 
tion— 

H, + I, ^ 2HI. 

The proportion of hydrogen iodide in the equilibrium 
mixture varies^ with the temperature ; thus at 448° it is 
5 per cent. 

Synthesis, then, is not a suitable method for preparing 
hydrogen iodide, which is more conveniently made by the 
action of water upon phosphorus iodide— 

Pla + 3HjO = HaPO^ yf SHI. 

(Cf. action of water on phosphorus trichloride and tribromide'^ 
All these actions may be expressed by the equation— 

, x Hi OH OH HX 

p/ X + H OH = P^OH + HX, 

^X BiOB. ^OH HX 

Phosphorous 

acid« 

where X = Cl, Br or I.) 

In practice, an apparatus similar to that employed for the 
preparation of hydrobromic acid (p. 238) is used. Water is 
placed in the tap-funnel, and a mixture of red phosphorus and 
iodine in the flask. On adding the water, drop by drop, 
hydriodio acid gas comes off. As iodine is not very volatile 
at ordinary temperatures, there is no necessity to have the 
U-tube on the delivery-tube. 

The hydrogen iodide which comes off is collected by down¬ 
ward displacement. (N.B .—It cannot be collected over mer¬ 
cury, since it attacks it.) ; 

An hqueous solution of hydriodio acid may be made hy 
dissolving the gas in water, taking the usual precautions, since 
the gas is very soluble. It may also be made by passing 
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hydrogen sulphide through iodine stirred up in water— 

la + HaS = 2HI + S . 

(Cf. Cla I- HaS = 2HC1 + S 4^, and Br* + HaS = 

, 2HBr + S 4" ■) 

Hydriodic acid cannot be made by the action of concentrated 
sulphuric acid upon potassium iodide, since it is a reducing 
agent, and reduces the acid to sulphur, hydrogen sulphide 
and sulphur dioxide, being itself oxidized to iodine. Compare 
the action of concentrated sulphuric acid upon a bromide, 
p. 237. 

Properties.—Hydriodic acid or hydrogen iodide is a colour¬ 
less, heavy, acid gas, fuming in moist air, and readily soluble 
in water with which it gives a strongly acid solution. It can 
be condensed to a colourless liquid which boils at — 35-5^* 
and freezes at — 51® to a colourless crystalline solid. 

• In general chemical properties it closely resembles hydro¬ 
chloric and hydrobromic acids. Unlike them, however, it is 
an endothermic substance, that is, when it is formed from its 
elements heat is absorbed, whereas when hydrogen and 
chlorine, or hydrogen and bromine, combine, heat is evolved, 
and hydrochloric and hydrobromic acids are therefore said 
to be exothermic. Moreover, hydriodic acid is a powerful 
reducing agent, since it readily gives up its hydrogen ; hydro¬ 
chloric acid, on the other hand, is not a reducing agent, and 
although hydrobromic acid may sometimes show reducing 
powers (see p. 237), yet it is not a reducing agent as a rule. 

A solution of hydriodic acid in water is colourless when 
freshly prepared, but rapidly goes brown on exposure to air 
and light, owing to oxidation of the acid with liberation of 
iodine— 

4HI + O, = 2H,0 -f- 21,. 

The iodides are very similar to the chlorides and bromides. 
Tfhe most important is potassium iodide, KI. It is formed, 
together with potassium iodale, KIO,, when iodine is dissolved 
in a hot concentrated solution of caustic potash_ 

31, + 6KOH = 5KI + KIO. -f 3H,0. 
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(Cf. action of chlorine and bromine upon hot concentrated 
potash solution. See pp. 216 and 240.) 

Potassium iodide and iodate are both white crystalline 
solids. The iodate when heated splits up, yielding potassium 
iodide and oxygen— T 

2 KIO 3 = 2KI + 3 O 2 . 

When solutions of silver nitrate and potassium iodide are 
mixed, a yellow curdy precipitate of silver iodide is thrown 
down— 

KI + AgNO, = Agl + KNO3. 

Summary and Comparison of the Properties of 

THE Halogens 

1. They arc all non-metals. 

2. They will all combine directly with metals, forming 
salts. Hence they are called halogens or salt-producers. 

3. They all have diatomic molecules. 

4. They are all univalent. 

а. In the gaseous state they all have pungent smells. 

б . They will all combine directly with hydrogen, forming 
colourless, heavy, fuming, acid gases of the formula HX 
where X = Cl, Br, I. 

7. They are all electro-negative, i.e. they appear at the 
anode in electrolysis. 

8 . The similarity extends to (a) their methods of prepara¬ 
tion, and ( 6 ) their compounds. For details, refer to appro¬ 
priate sections above. 

9. They will all react with hot concentrated caustic alkali 
solutions according to the equation— 

3 X 3 + 6 KOH = 6 KX + KXO 3 + 3 H 30 [X = Cl. Br, or I]- 

10. The salts of the type KXO 3 will all decompose on hea^ 

ing, yielding oxygen and the salt KX. ] 

[The student should expand this list of comparisons ly 
the introduction of suitable details.] 
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Use of Silver Chloride and Bromide in Photography 

Silver chloride, AgCl, and silver bromide, AgBr, are pectiliar 
compounds in that they are sensitive to light, which partially 
r decomposes them. The effect produced upon them by a 
long exposure to light is obvious, since they go dark in colour, 
but even an exposure of a fraction of a second produces a 
distinct effect. Although this change is not visible to the 
naked eye, it can be rendered so by the process of development. 
If an image is thrown, by means of a lens, upon a film of silver 
bromide, the latter is partially reduced to metallic silver in 
those parts of the film upon which light falls. How much 
reduction occurs depends upon the intensity of the light 
and upon the length of exposure. If the film is now covered 
with a solution of a suitable reducing agent—the “ devel¬ 
oper ”—such as “ pjTOgallic acid” or pyrogallol, further 
.reduction occurs, but most quickly in those parts where the 
reduction has been already started by the light. The image is 
thus “ developed,” but it is a negative image, since those parts 
which were most fully illuminated, during the exposure, will 
have most silver deposited on them, and will therefore be 
blackest on development. When the image has been suffi¬ 
ciently developed, the unchanged silver bromide is dissolved 
out in a solution of sodium thiosulphate (“ hypo ”), and the 
image is thus fixed, since, of course, the metallic silver is 
not affected by light. Positive images can then be obtained 
'by “ printing off ” the negative on paper covered with a 
film of silver chloride, and fixing as before. 

In making a photographic plate the silver bromide is 
precipitated, in the form of grains, in a solution of gelatine, 
which serves the double purpose of holding the silver bromide 
and of making it more sensitive to light. The longer the 
gelatine is kept in the liquid state the larger become the 
granules of silver bromide, and the greater the sensitiveness 
bf the plate to light. This process is called ripening. After 
it is complete, the gelatine containing the silver bromide is 
spread evenly over the plate and allowed to set. 

The plate prepared in this way is most sensitive to the violet 

T 
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and blue rays of ordinary white light, but it may be made 
more sensitive to rays of other colours by staining the gelatine 
with various dyes. 

Printing-oui papers are covered with a film of gelatine 
containing a mixture of silver chloride with another silver ^ 
salt called silver citrate [a salt of citric acid, the characteristic 
acid of lemon-juice]. The silver citrate increases the sen¬ 
sitiveness to light of the silver chloride. After the print has 
attained to a rather deeper shade than that required for the 
finished photograph, it is toned by means of a solution of 
“ gold chloride,” the action of which is to replace part of the 
silver in the print by gold, which gives a better colour. Gas¬ 
light papers ax© similar in nature to printing-out papers 
(except that silver bromide is used instead of silver chloride), 
but they are exposed for only a short time and the image is 
then developed as for a plate. It may be toned by means of 
a solution of sodium sulphide (NajS), which converts tbe^ 
silver into silver sulphide (AgjS). 

% 

Questions and Exercises 

1. Write tbs names and symbols of those members of the helogeo 
family which you have studied in this chapter. 

2. What does the name ** halogen mean T Why was it given to 
these elements ? 

3. How would you prepare a jar full of dry chlorine t 

4. What are the chief properties of chlorine ? 

6. Write equations for the following actions: ^ 

(i) Hydrocliloric acid upon potassium permanganate. 

(ii) ft *t ff manganese dioxide. 

(ill) Hydrogen sulphide upon chlorine. 

(iv) Sulphur dioxide upon bromine water* 

(v) chlorine water. 

6. Under what conditions does chlorine bleach f How is the bleach 

ing action explained ? ^ . 

7. What is bleaching .powder ? How is it made T Write equatio 
to show the action of dilute acids upon it. 

8. Why does bloaching-powder always smell of chlorine T 

9. Why does turpentine bum in chlorine ? 

10. Describe the cheoucal and physical properties of bydrog^® 
chloride. 
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11. Upon what evidence is the formula HCI assigned to hydrochloric 
acid ? 

12. How would you prepare (a) chlorine and (b) hydrochloric acid, 
starting from comiDon salt ? 

13. What volume of chlorine* measured at 16® C. 765 mm., is con- 
stained in 10 grams of hydrochloric acid gas 7 

14. Complete the following equations— 

(i) MnO, + 4HC1 = 

(ii) 2KC1 + MuOg + 3H,SO* = 

(iii) 3Br, + 6KOH =‘ 

15. Mention four physical and four cbenucal properties of chlorine. 

16. Write equations for the action of hydrochloric acid upon (a) 
zinc, (b) magnesium, (c) iron, (d) slaked lime, (e) aluminium, (/) caustic 
soda. 

17. What are salts of hydrochloric acid called 7 How may they be 
prepared 7 (Give as many different methods as you can.) 

18. How is bromine obtained commercially 7 

19. How is bromine obtained in the laboratory 7 Draw the appara¬ 
tus. 

^ 20. Why eaxmet hydrobromic acid be prepared in the same kind of 

way as hydrochloric acid 7 

21. Describe the laboratory method for the preparation of hydro- 
bromic acid. 


22. What is the action of chlorine upon a solution of (a) potassium 
bromide, (6) potassium iodide, (c) calcium hydroxide ? 

23. In the preparation of hydrogen bromide, what %veight of phos¬ 
phorus would be needed to yield 11*2 litres of the gas at N.T.P* 7 

24. From what sources is iodine obtained 7 

25. How is iodine obtained commercially 7 

26. How is iodine obtained in the laboratory 7 

27. What do you mean by eublimation 7 

r 23. W'hat is dtssociafton 7 Illustrate your answer by giving an 
example. 

29. Describe a method for obtaining a solution of hydnodic acid. 

30. Compare the action of sulphuric acid upon a chloride with its 
action upon (a) an iodide, (b) a bromide. 

31. Explain the uses of silver chloride and bromide in photography. 

32. What weight of silver chloride could be obtained by adding 
excess of silver nitrate to 50 c.c. of common salt solution containing 
33 grams of sodium chloride per litre 7 

/ 33. How would you test for the presence of free iodine 7 
I 34. From 12 tons of sodium chloride what weight of sodium bisul- 
pbate and what volume of hydrochloric acid gas (measured at 18^ C« 
750 mm.) could be obtained 7 (1,000 kilograms — 0*9842 tons.) 

36. How many grama of hydrochloric acid gas could be obta^ined 


from 25 grams of potassium chloride, KCl 7 
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36. Explain, by giving a comparison of their properties and those 
of their compounds, why the elements, chlorine, bromine and iodine, 
are classified together. 

37. Describe Deacon’s process for the preparation of chlorine. 

38. Describe an electrical method for the preparation of chlorine. 

39. Write a short account of chlorine as an oxidizing agent. ^ 

40. Write the formulie for (a) hypochlorous acid, (6) phosphorous 
acid, (c) aluminium bromide, (d) potassium iodate, (c) phosphorus 
trichloride. 

41. How could you distinguish between nitrogen peroxide and 

bromine vapour ? . v, • 

42. Make a table to show the principal ways in which chlorine, 

bromine and iodine differ from one another. 


CHAPTER XVI 

NITROGEN AND PHOSPHORUS 

Nitrogen 

Symbol : N ; Valency : 3 or 5 ; Atomicity : 2 ; Atomic 
Weight : 14. 

The gas we call nitrogen the French call azote, because 
* nothing can live in it. The word nitrogen means “ nitre- 
producer,” and this name was given to the gas because it is 
a constituent of nitre (saltpetre or potassium nitrate, KNO3). 
Nitrogen was discovered in 1772 by Daniel. Rutherford, 
Professor of Botany at Edinburgh University. 

Occurrence.—In the uncombined state, nitrogen forms 
about 79 per cent, by volume and 77 pet cent, by weight of 
the air. It is found combined in large quantities as sodium 
nitrate or Chile saltpetre (“ caliche ”), NaNO^, and is widely 
distributed in smaller quantity in the soil as salts of am¬ 
monium (e.g. ammonium sulphate, (NH 4 ) 2 S 04 ),' and as 
nitrates of sodium (NaNOj), potassium (KNO3), and calcium 
(Ca(NOa)s). Nitrogen is always found in the living matter 
of animals and plants. 

Preparation.—(i) Nitrogen can be obtained from the 
air by extracting from the latter the water-vapour, carbon 
'^oxide and oxygen it contains. For this purpose, the air is 
passed («) through caustic soda solution, to remove carbon 
dioxide; (6) through tubes containing calcium chloride or 
pumice seaked in sulphuric acid, to remove the water ; and 
(c) through a tube containing red-hot copper, which removes 
the oxygen (Fig. 63). The residual nitrogen may then be 
collected over mercury. If it is not required dry, the calcium 
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Pio. 63.—Apparatus to obtain Nitrogen from the Air» 


chloride tubes may be omitted, and the nitrogen can then be 
collected over water (Fig. 63). 

(ii) Another convenient way of getting nitrogen from the 
air is to shake the latter up with a solution of caustic soda and 
pyrogallol (the photographer’s “ pyro ”). This absorbs both 



Flu. Qi ,—Preparation of Nitrogen from Ammomum Nitrite. 

the carbon dioxide and the oxygen, turning dark brown during 
the reaction. ^ 

(iii) In the laboratory nitrogen is usually prepared by heatingj 
a solution of ammonium nitrite (not ammonium nitrate)—’ 

NH^NO, = N, + 2H,0. • 

A suitable apparatus is shown in Fig. 64. 
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As, however, ammonium nitrite is an unstable compound 
it is never put on the market in the solid state, and even in 
solution is but rarely met with. It is better to use a mixture 
of equiraolecular proportions of ammonium chloride and 
^ sodium nitrite, which in solution react to give ammoniuiu 
nitrite and sodium chloride— 

NH^Cl + NaNOa NaCl + NH^NOa. 

The ammonium nitrite then splits up, when heated, accord¬ 
ing to the equation given above. 

(iv) Sometimes nitrogen is prepared by passing chlorine 
into a concentrated solution of ammonia— 

8NH3 + 3 Clj = GNH^Cl + N*. 

The chlorine removes hydrogen from some of the ammonia, 
forming hydrochloric acid and nitrogen ; the hydrochloric 
acid then combines with excess of ammonia to form ammo- 
* nium chloride. Care must be taken not to pass the chlorine 
for too long a time, or the highly explosive nitrogen trichloride, 
NCI3, will be formed. This is an extremely dangerous 
substance. It was discovered by Dulono (of “ Dulong and 
Petit’s Law ”) and rewarded him by exploding and blowing 
off one of his fingers and blinding him in one eye. 

Properties.—Nitrogen is a colourless, odourless gas. It 
will not burn nor support combustion. It is very slightly 
soluble in water, less so than oxygen. It boils at — 194® 
'and the liquid nitrogen freezes to a white solid at — 214®. 
Under ordinary conditions nitrogen behaves as a rather inert 
element, but of recent years much work has been done on the 
combination of nitrogen with other elements and the necessary 
conditions have been discovered. The compounds of nitrogen 
are very numerous, interesting, and important. Explosives, 
dyes, dxugs, and artificial manures are mostly nitrogenous 
compounds, and nitrogen compounds are necessary to the life 
iof plants and animals. 

Nitrogen will combine directly with many metals, on 
heating, forming nitrides, e.g .— / 

3Mg + Na = MgaNj, magnesium nitride. 
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solution of aramonium sulphate, so obtained is evaporated to 
the point of crystallization— 

2NH3 + H^SO. = (NH,)aSO,. 

The product is an impure ammonium sulphate.(“ sulphate 
of ammonia ”) ; it is largely used as an artificial manure. 
Ammotiia may be liberated from it, if desired, by heating 
with lime— 

(NHdaSO. + CaO = CaSO, + H^O + 2NH,. 

If the gas is then passed into water, ammonia solution is 
obtained. 

At the present day ammonia is mainly obtained synthetically, 
i.e. by direct combination of nitrogen and hydrogen. The 
process is known as Haber’s process. A mixture of pure 
nitrogen and hydrogen in the proper proportions is com* 
pressed to about 200 atmospheres and passed through tubes 
heated to 500® C, In the tube is placed a catalyst, which con- { 
sists of a mixture of finely-divided iron and molybdenum. 
Under these circumstances a yield of about 30 per cent, of 
ammonia is obtained— 

N^ + 3H, ^ 2 NH 3 . 

The ammonia so formed is cooled and dissolved in water 
or else liquefied, while the uncombined nitrogen and hydrogen 
left over are passed through the apparatus again. The hydro¬ 
gen required for the process is obtained by the Bosch method 
(p. 161). The nitrogen is obtained partly by the fractional 
distillation of liquid air, but chiefly from “ producer-gas.” 
This is a mixture of carbon monoxide and nitrogen made by 
blowing air through red-hot coke. The nitrogen is freed from 
the carbon monoxide by the same method as is used to free 
the hydrogen from the latter in the Bosch method. 

The Haber process is very successful, and as nitric acid 
may be obtained by the oxidation of ammonia, the supply \ 
of nitrates necessary for manures (see p. 271) is assured, even J 
when the Chile saltpetre beds are exhauste4—especially since 
nitric acid is nowadays obtained also from the air by another 
method (p. 271). 
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Properties.—Ammonia is a colourless gas with a pungent 
smell. It is lighter than air, and therefore may be collected 
by upward displacement ; it is extremely soluble in water, and 
therefore cannot be collected at the pneumatic trough except 
over mercury. Ammonia can easily be liquefied, as was first 
shown by Faraday. Liquid ammonia is a colourless liquid 
boiling at — 33-5® and solidifying to a colourless crystalline 
solid at — 78®. It is used in commerce for refrigerating or ice- 



Fio. 66.—Ammonia Ice-making Machine. 

A, The eompretted emmODia la cooled In A (tbrouf^h which cold water circulates) and 
Jlquedea. B, fn coU B the liquid ammonia id under reduced pressure and evaporates 
rapidly, the gaa passing back to the pump whence it passes to A again, and so on. C, 
V^el containing calcium chloride solution which does not freeze. D, D, Vesseb cod« 
taining water which ia Drozen. B. Stirrers. 

making, since by rapidly evaporating it low temperatures are 
produced; the gaseous ammonia may then be liquefied 
again by passing it through a condenser surrounded by cold 
water and compressing it. (Fig. 66.) Household refrigerators 
j work on the same principle, though the gas used is more often 
sulphur dioxide than ammonia. 

Ammonia is not a base, since it combines directly with 
acids to form salts without elimination of water ; it is, in fact, 
the anhydride of a base, the true base being ammonium 
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hydroxide, NH 4 OH, which is formed when ammonia is dissolved 
in water. The following equations illustrate the point— 

NHa + HCl = NH 4 CI 

basic anhydride + acid = salt but no water, 
NH 4 OH + HCl = NH 4 CI + HjO 

base -f- acid = salt + water. 



Oxi/gen 




Dry ammonia therefore has no action on litmus; moist 

ammonia turns red litmus blue. 

Ammonia attempts to burn in the air 
but cannot quite manage it; it will, 
however, readily burn in oxygen, form¬ 
ing nitrogen, steam, and ammonium 
nitrate and nitrite. Ammonia is readily 
oxidized by oxygen in the presence of a 
hot platinum spiral. The heat evolved 
in the process is sufficient to keep the \ 
platinum red-hot and often to ignite the 
mixture of ammonia and oxygen. The 
ammonia flame is of a characteristic 
brownish yellow colour. 

When ammonia is dissolved in water 
an evolution of heat occurs. If ah’ 
is blown through the solution, the 
ammonia is rapidly driven off and 
heat is therefore absorbed. This re- ^ 
action was at one time made use of 
in ice-making (CAiiRfj’s process, now 
superseded by that previously de- 


Strong 

Ammonia 

Solution 




Fia. 67.—Ammonia 
boming in Oxygon. 


scribed). The aqueous solution of ammonia contains ammonia 
and also ammonium hydroxide, NH4OH. It forms a con¬ 
venient source from which to obtain ammonia gas in the 
laboratory. 

Tests roa Ammonia. 


(o) Smell. ( 6 ) Turns red litmus blue (when moist), (c) lo 
solution gives a deep blue colour with copper sulphate solution. 
(d) Gives a brown ppt. or yellow coloration with Nbsslbb’s 
solution. To’ make Kessler’s solution take some mercuric 
chloride solution and add potassium iodide solution until the 
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first-formed ppt. of mercuric iodide is just re-dissolved. The 
solution now contains a peculiar compound called potassium 
mercuri-iodide, K 2 Hgl 4 . 

(i) 2KI -i- HgCl* = 2KC1 + Hgl, . 

(ii) Hgl2 + 2KI =K2Hgl4. 

Nessler’s solution is a solution of potassium mercuri-iodide 
to which caustic soda has been added. It is used as a test for 
traces of ammonia and ammonium salts. The brown pre¬ 
cipitate which it gives with these compounds is NHgal. 

■ Under suitable conditions, Nessler’s solution will detect 
1 part of ammonia in 2 , 000,000 of water. 

Composition of Ammonia. 

(i) The vapour density of ammonia is 8-5, hence the M.W. 
is 17. As the atomic weight of nitrogen is 14, there clearly 
cannot be more than 1 atom of it in the molecule of am¬ 
monia. 

Hence formula for ammonia is NH 3 . 

(ii) A measured volume of ammonia is placed in a eudio¬ 
meter tube over mercury and sparked until no further change 
in volume occurs. The gas is now practically completely 
(98 per cent.) decomposed into nitrogen and hydrogen. The 
volume is noted, and a measured excess of oxygen introduced 
and a spark passed. Explosion occurs, all the hydrogen 

r present being converted into steam, which condenses to liquid 
water, the volume of which is negligible compared with the 
volumes of the gases in the experiment. After cooling, the 
residual volume is noted. From the results, the formula for 
ammonia may be calculated. Example— 

Volume of ammonia taken = 15 c.c. 

Volume of mixture of nitrogen and hydrogen formed 30 c.c. 

/ Volume after addition of oxygen 33 c.c. 

Volume after explosion 24*25 c.c. 

Contraction on explosion = 33*75 c.c. 

Of this* f will be hydrogen, since 2 volumes of hydrogen oombiue 
with 1 vol. of oxygen to form water, 

i.e. 22*5 c.o* 
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But volume of nitrogen + hydrogen = 30 c.c. 

/. Volume of nitrogen * 30 — 22-5 « 7-5 c.c. 

15 c.c. of ammonia yield 7-5 c.c. nitrogen and 22-5 c.c. hydrogen. 

2 volximes „ 1 volume „ „ 3 vola. „ 

by Avogadro, 2 molecules of ammonia yield 1 molecule nitrogen 
and 3 molecules hydrogen. 

2 molecules of ammonia consist of 2 atoms of nitrogen and 6 of 
hydrogen. 

/, 1 molecule of ammonia contains 1 atom of nitrogen and 3 of hydro* 
gen, and the formula is NH,. 

(iii) Hofmann’s Method. —A long tube (Fig. 
68 ), fitted at each end with a tap and with a- 
funnel attached at one end, is filled with chlorine. 
In the funnel is placed concentrated ammonia 
solution. When this enters the tube drop by 
drop, vigorous reaction occurs and the tube 
becomes filled with white fumes of ammonium 
chloride. After the reaction is complete the 
top tap is turned off, and the tube is placed 
in a pneumatic trough containing water. The 
bottom tap is then opened, when water rushes 
in, and, after levelling, the residual gas is found 
to occupy one-third of the volume of the original 
chlorine. This residual gas proves to be nitro¬ 
gen. The hydrogen which was combined with 
this nitrogen in ammonia has been removed by 
the chlorine ; now chlorine combines with its 
own volume of hydrogen, therefore the volume ' 
of hydrogen which was combined with the 
residual nitrogen is three times the volume of 
the latter. In other words, the ammonia con- 
* Hofmann’s sists of nitrogen and hydrogen in the pro-' 
Apparatus. portions by volume of 1 to 3. Hence, by 

Avogadro’s Hypothesis, the molecule of am¬ 
monia must be (NHs)^ •, that is, the empirical formula of ^ 
ammonia is NH,. The true formula cannot be determined \ 
by Hofmann’s method, which is therefore not so good as 
that given in (ii). 

X may of course be found by a V.D. determination. 




NITROGEN 


265 


Ammonium .—The group of atoms NH* behaves in many 
« respects like an atom of an alkali metal such as sodium or potas> 
sium. The following table shows certain of the resemblances. 


Compound. 

Ammonium. 

Sodium. 

1 

Chloride . . « . 

NH 4 C 1 

NaCl 

Nitrate .... 

NH4NO5 

NaNO, 

Sulphate 

(NH4)*S04 

NajS04 

Hydroxide » 

1 NH 40 H 

NaOH 

Carbonate 

(NH 4 ),C 04 

Na*CO, 


The salts of the NH 4 group are very similar in appearance 
and properties to those of sodium^ and for this reason the 
name ammo/nium was given to this group of atoms or radical, 
to indicate its apparent metallic nature (Latin names of metals 
end in -ium or -um). The ammonium group is univalent, 
^since the nitrogen atom in it is quinquevalent, and only four 
of these valencies are used to attach hydrogen atoms— 


H 




H 


It is therefore capable of combining directly with a uni¬ 
valent acid radical (e.g. — NOg or — Cl) or of replacing an 
'atom of sodium, potassium, or other univalent metal, in 
a compound. Although ammonia is well known, no one up 
to the present has succeeded in isolating ammont-um ; it was 
at one time supposed that if it could be isolated it would 
present a metallic form. If a concentrated solution of 
ammonium chloride is poured over some sodium amalgam, 
the latter swells up and forms a peculiar mass called ammonium 
smalgam, which was considered to be an amalgam of mercury 
with ammonium, NH 4 . On standing, the substance loses 
ammonia and hydrogen, and mercury is left. The question 
whether ammonium amalgam is really what it professes to be 
or not is still unsolved ; there is evidence both ways. It 
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would be very interesting if “ ammonium ” itself were 
isolated and proved to have metallic properties. 

Ammonium Salts. 

Ammonium hydroxide, NH4OH, is formed when am^v- 
monia is dissolved in water— 

NH3 + H3O ^ NH4OH. 

It is very unstable, and when gently heated splits up into ammo¬ 
nia and water, as shown by the reversed arrows in the equa¬ 
tion. Even at ordinary temperatures a solution of it contains 
much free ammonia, as can eaaUy be appreciated by smelling 
the liquid. Not until 1909 was ammonium hydroxide obtained 
pure ; it is a white crystalline solid at low temperatures. 

A solution of ammonium hydroxide often has two incorrect 
names applied to it. The first is “ liquid ammonia,” applied 
to it by apothecaries and druggists. This is obviously 
wrong, for liquid ammonia is liquid ammonia, i.e. the liquid^ 
obtained by cooling and compressing gaseous ammonia until 
it turns to a liquid. It contains no water. The second is 
“ ammonium hydrate.” Now ammonium hydrate would be 
the NH, group attached to 1 or more molecules of water, 
i.e. NH 4 .a:HaO. No such substance is known. If ammonium 
hydroxide is a hydrate at all it is the hydrate of amnu/nia, 
viz. NH 3 .H 2 O. You must be careful over these points of 
nomenclature, and must not follow the names applied to 
substances by manufacturers and other people. In this^ 
connection notice that it is quite incorrect (for reasons similar 
to that given abovej to call caustic soda and potash sodium 
hydrate and potassium hydrate : they are not the hydrates, 
but the hydroxides of these metals. 

When ammonium hydroxide solution is added to solutions 
of salts of the heavy metals, the hydroxide of the metal is 
usually precipitated— 

Al2(S04)3 + 6 NH 4 OH = 2AJ(OH), + SfNH.l^SO,. \ 
ZnCIa + 2 NH 4 OH = Zn(OH )2 + 2 NH 4 CI. 

FeCla + 3NH4OH = Fe(OH)3 -f 3NH4CI. 

CUSO 4 + 2 NH 4 OH = Cu(OH )2 -f (NH 4 ) 2 S 0 ,. 
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The pale-blue copper hydroxide readily dissolves in excess of 
ammonium hj'droxide, forming a deep-blue solution. This 
reaction is used as a test for copper. 


7 Ammonium chloride, NH 4 CI, is commonly known as 
sal-ammoniac. It is formed when ammonia and hj’dro- 
gen chloride are allowed to come into contact; clouds of 
ammonium chloride are produced which quickly settle on the 
wails of the vessel— 


NH, + HCl = NH,C1. 

Commercially it is made by boiling ammonium sulphate 
with sodium chloride in aqueous solution— 

CNHi)aS 04 + 2NaCI Na^SO, + 2 NH 4 CI. 

On concentrating the solution the sodium sulphate crys¬ 
tallizes out first and may be removed ; the solution of am- 
’ monium chloride may then be evaporated. 

When ammonium chloride is heated, it passes from the 
solid state direct into that of gas or vapour, without going 
through the intermediate liquid stage. In other words, its 
boiling-point is below its melting-point, whereas in most cases 
the boiling-point of a substance is of course above the melt¬ 
ing-point. When ammonium chloride vapour is cooled, it 
passes back directly to the solid again. This phenomenon, 
solid 1 ^ — gas, is called sublimation. Ammonium chloride, 
,.then, sublimes when heated—not, as a boy once said, “ I 
heated ammonium chloride and it was svblime 1 ” 


Ammonium chloride vapom is' interesting because its 
vapour density is only half what we should expect it to be. 
The formula is NH 4 CI, M.W. = (14 -f 4 - 1 - 35-5) = 53-5 ; 


hence V.D. ought to be 


53-5 

2 


26-75. As a matter of 


experimental fact, the V.D. is found to be 13*37. This strange 
• phenomenon is explained by supposing that the ammonium 
chloride vapour has split up into ammonia and hydrochloric 
acid gas— 

NH 4 CI NH 3 + HCl, 


in which case, of course, the V.D. of the vapour would be 
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half-way between those of ammonia (8-5) and hydrochloric 

acid (18-25), t.e. - — - = 13-37, the figure actually 

found. 

Substances, like ammonium chloride, the molecules of which 
on heating split up into simpler molecules, which recombine 
on cooling, are said to dissociate, and the phenomenon is 
called dissociation. 

Dissociation is a reversible action and thus differs from 
decomposition, which is not reversible. 

Ammonium chloride is used in soldering, as a “ flux,” 
because the hydrochloric acid which is set free on heating 
cleans the surface of the metal and thus enables the solder to 
“ bite.” It is also used in the manufacture of dyes and in 
cahco-printing, and, of course, in the laboratory it is used 
as a source of ammonia. 

Ammonium sulphate, (NH*}jSO*, is obtained from am- ' 
monia prepared by the Haber process (p. 258) and from 
ammoniacal liquor (p. 257). It is a white crystalline solid 
very largely used as an artificial manure. It is decomposed 
on heating, one of the products being ammonia. 

Ammonium nitrate, NH 4 NOS, is a white deliquescent 
crystalline solid, very soluble in water, the process of solution 
being accompanied by absorption of heat; it was therefore 
formerly used in refrigeration on a small scale, e.g. preparation 
of ice-cream. It is prepared by passing ammonia into fairly^ • 
concentrated nitric acid. If heated, it splits up into nitrous 
oxide, NjO, and water— 

NH 4 NO, = NaO + 2HsO. 

This decomposition occasionally becomes very violent and 
an explosion may result. A mixture of ammonium nitrate 
and aluminium powder is called “ ammonal,” and was one 
of the explosives used in the Mills’ bombs during the war o.^' 
1914-18. Ammonium nitrate explosives are usually fairly 
safe to handle. 

Ammonium carbonate is made commercially by heating 
ammonium sulphate with powdered limestone ; the sublimate 
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obtained is a complex substance, containing but little of the 
normal carbonate, (NH4)2C03. It is a white crystalline solid, 
which smells of ammonia, and is used for fill i n g “ smelling- 
bottles,” 

All ammonium salts yield ammonia when heated with 
caustic soda, caustic potash, or lime. 

Nitric Acid, HNO3. 

Nitric acid has been known from very remote times, but 
not until the work of Lavoisier and Cavendish in the 
eighteenth century was its composition discovered. The old 
name for nitric acid is aqua fortis (“ strong water ”), and was 
given to it on account of its strong corrosive action upon 
metals and other substances. A mixture of nitric acid with 
concentrated hydrochloric acid is sometimes known as 
aqua regia (“ royal water ”), because it will dissolve the 
“ noble ” metal gold. 

^ Preparation.—Nitric acid is prepared in the laboratory, 

and also commercially, by heating potassium or solium 
nitrate with concentrated sulphuric acid (Fig. 69 )— 

(i) KNO, + H3SO. = KHSO4 + HNO„ 

and, on further heating, 

(u) KHSO, + KNO3 = K2SO* - 1 - HNO,. 



Fio. 69.—Preparation of Nitric Acid. 


In practice, the action is never taken beyond the first stage 
as the temperature required for the second is so high that 
much of the nitric acid is decomposed. 

The distillate consists of nitric acid mixed with a little 
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water, which may be removed by addition of concentrated 
sulphuric acid followed by redistillation. The acid so obtained 
is of a yellow colour; this is due to the presence in 
it of the yeUow gas nitrogen peroxide. If a current of dry 
air or dry carbon dioxide is blown through the acid the 
nitrogen peroxide is swept away and the resulting acid is 
colourless. 

Manufacture.—Much nitric acid is made, as already de¬ 
scribed, by heating sodium nitrate (caliche or Chile saltpetre) 


< 

i 


Fio. 70.—Manufacture of Nitric Acid. 

A. Entrance for furnace gaeea. B, Exit for furnace gases. C. Iron retort* D. Receivers. 

with concentrated sulphuric acid. However, the supplies ol v 
Chilean nitrate, though still large, are not inexhaustible, and 
in view of this fact, attempts were made to convert atmo¬ 
spheric nitrogen into nitric acid. For many years no appre¬ 
ciable advance was made toward the solution of this problem, 
but it has now been successfully solved. It is, indeed, re¬ 
ported that Germany had decided on war in 1913, but was 
forced to wait until 1914 because her chemists were not quite, 
satisfied with the methods of converting nitrogen from the air 
intQ- nitric acid. When these methods were at last perfected, 
Gei^uany became independent of Chile saltpetre, and therefore 
had no fear of a shortage of explosives, or of artificial maniires. 
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The exhaustion of the Chile beds, which cannot bo indefin¬ 
itely delayed, was a matter of grave concern to the world 
at large, for this reason : Ordinary unmanured soil gives a 
yield of about 18 bushels per acre when planted with wheat. 
7 If the soil is manured with sodium nitrate, the yield is in¬ 
creased to about 36-38 bushels per acre. Taking the world’s 
supply of food as a whole, it is found that then would not be 
enough to go round exfie'pt for the increased crop obtained by 
manuring with nitrates. 

There was, therefore, an immediate necessity to obtain sup¬ 
plies of nitric acid and nitrates &om other sources. The only 
source which is at all suitable is the atmosphere, where two of 
the constituents of nitric acid, namely, oxygen and nitrogen, 
occim in unlimited quantities. 

After the serious nature of the problem was pointed out 
by Sib Wuxiam Cbookes in 1898, chemists set to work 
,to discover methods of converting atmospheric nitrogen 
into nitric acid and nitrates, a process which is known 
as the fixation of nitrogen. Success was finally achieved, 
as mentioned above, and our wheat supply is no 
longer likely to suffer through shortage of nitrogenous 
manures. 

Fixation of Nitrogen. —(i) In Birkkland and Eyde’s 
process air is passed through an electric arc drawn out to a 
thin disc of flame, some 6-8 feet in diameter, by means of a 
powerful electro-magnet. The issuing gas contains oxides of 
tiitrogen (about 2 per cent.) and is passed into water, where 
nitric acid is formed. This is usually mixed with excess 
of lime and so converted into a basic calcium nitrate {air- 
saltpetre or Norwegian saltpetre —because it is made chiefly 
in Norway), which is used as a manure in place of sodium 
nitrate. 

(ii) Another process consists in the oxidation of syn¬ 
thetic ammonia (see p. 258). A mixture of carefully purified 
dir and ammonia is passed over platinum (or some other 
suitable catalyst) at about 500-550* C-, when the ammonia 
is oxidized to nitric oxide, NO ; 

4NH, + 60, = 4N0 -|- 6H,0. 
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This is cooled to 150® C. and mixed with more air, when 
nitrogen peroxide is formed : 

2N0 + 02 = 2N02. 

On dissolving nitrogen peroxide in water in-the presence oi 
air, nitric acid is obtained : 

4NOa + 2HjO + Oa = 4 HNO 3 . 

This second process (which has almost completely displaced 
that of Birkeland and Eyde) is so successful that, in Europe, 
sodium nitrate prepared by neutralizing synthetic nitric acid 
with sodium carbonate is actually cheaper than Chile salt¬ 
petre (p. 384). 

Properties.—Nitric acid is a colourless fuming liquid of 
sp. gr. 1-53 and m.p. — 41®. .Ordinary “ commercial ” con¬ 
centrated nitric acid contains about 68 per cent, by weight 
of pure acid. When nitric acid is boiled it partially dissoci¬ 
ates into nitrogen peroxide, oxygen, and water—* 

4HN03 ^ 4NO, + O, + ' 

Nitric acid is the strongest acid known, being equally strong 
with hydrochloric acid. It is also a powerful oxidizing agent, 
and these two characteristics often clash. When nitric acid 
acts upon metals, we may imagine that hydrogen is first 
formed, in the usual way, but that the excess of nitric acid 
then oxidizes the hydrogen and is itself reduced to nitric 
oxide (NO), nitrous oxide (NgO), nitrogen peroxide (NO*), 
etc. 

Any or all of these gases may therefore be obtained wheii 
nitric acid acts upon a metal. With magnesium, dilute 
nitric acid acts so rapidly that some of the hydrogen escapes 
oxidation, and may be detected in the gases evolved ; this, 
however, is very exceptional. 

Examples op the Action op Nitric Acm. 

(i) Lead. Pb + 4HN0, = Pb(N 03 ), + 2K^O + 2NO,. ( 

(ii) Copper. 3Cu + 8HNO3 = ’ 

3Cu(NO,), + 4H,0 + 2NO. 

HxoSnjO.B + 6H3O + 20NO, 


(iii) Tin. 5Sn + 20HNO, = 
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(HioSnsOxs is a white insoluble substance called metastannic 
acid ; on heating it yields stannic oxide and water— 

, HioSngOjs = 5SnOa + 6 HjO). 

Y (iv) ->• sulphuric acid, H 2 SO 4 . 

(v) Phosphorus -»• phosphoric acid, HaP 04 . 

(vi) Iodine ->• iodic acid, HlOa- 

(vii) Arsenicarsenic acid, HAsOa. 

(viii) Ferrous sulphate reduces nitric acid to nitric oxide, 
which combines with excess of ferrous sulphate to form a 
dark brown compound (FeS 04 ) 2 .N 0 . This is the principle of 
the “ brown-ring ” test for nitrates. The suspected nitrate is 
dissolved in a little water and a few drops of ferrous sulphate 
solution added. Sulphuric acid is then carefully poured in 
and ainlfs to the bottom as a lower layer. Where the two 
layers meet, a brown ring is formed if a nitrate is present. 
jNitric acid is first liberated by the sulphuric acid and then 
reduced by the ferrous sulphate as above— 

6FeS04 + 3 HjS04 + 2 HNO 3 = 3Fej(S04)3 + 2NO + 4H,0 

Ferric sulphate. 

4FeS04 4- 2NO = 2(FeS04)*N0. 

(ix) With bases, nitric acid yields nitrates, all of which 
are soluble. 

Action of heat on the nitrates — 

A. Potassium and sodium nitrates first melt, then evolve 

, oxygen ; the nitrite of the metal is left— 

2KNO, = 2KNO, + Og. 

B. Ammonium nitrate yields nitrous oxide— 

NH.NOs = NjO + 2H*0. 

C. Nitrates of heavy metals, except silver and mercury, 

yield the oxide of the metal, nitrogen peroxide, and 
oxygen—2Pb(NOa)» = 2PbO + 4 NO 2 + Oj. 
y (Copper nitrate crystals yield nitric acid vapour and steam 
as well.) 

D. Silver and mercury nitrates yield the metal, nitrogen 

peroxide, and oxygen— 

Hg(N03), = Hg + 2NO, + O 3 . 
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Solid nitrates are powerful oxidizing agents, and are there¬ 
fore used in the preparation of explosives. Gunpowder, for 
instance, consists of potassium nitrate (75 per cent.), with 
sulphur (10 per cent.), and charcoal (15 per cent.). 

Oxides of Nitrogen. 

Nitrogen forms at least five oxides or compounds of nitro¬ 
gen and oxygen, viz .— 

Nitrous oxide, NjO. 

Nitric oxide, NO. 

Nitrogen trioxide or nitrous anhydride, N 2 O 3 . 

Nitrogen dioxide, peroxide or tetroxide, NOz or NjO*. 

Nitrogen pentoxide or nitric anhydride, NaOs. 

It will be noticed that these compounds well illustrate the 
Law of Multiple Proportions (p. 84), since the ratio of the 
weights of oxygen which combine with a constant weight of 
nitrogen in the five oxides is 1 : 2 : 3 : 4 ; 5 . \ 

Nitrous oxide, NjO. 

Nitrous oxide was discovered by Priestley in 1772, but 
was more carefully investigated by Sir Humphry Davy 
in 1799. Davy showed that it could be made by heating 
ammonium nitrate— 

NH^NO, = N.O + 2HaO. 

This method is still the one which is most suitable for 
preparing nitrous oxide in the laboratory. The apparatus v 
employed is shown in Fig. 71. 



Fio. 71.—Preparation of Nitrous Oxide. 
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Dry ammoniutn nitrate is placed in^a round-bottomed flask 
fitted with a cork carrying a delivery-tube leading to a pneu¬ 
matic trough. On heating the flask the ammonium nitrate 
melts and then begins to decompose. The nitrous oxide 
which is evolved is collected over hot water, as it is soluble 


in cold. The heating should be stopped while there is still 
some ammonium nitrate left, otherwise a serious explosion 
may occur. The terrible disaster which occurred a few years 
ago at a German chemical factory (Oppau) was due to the 
explosion of ammonium nitrate. 


The nitrous oxide obtained in this way always contains 


traces of nitric oxide. This may be removed by bubbling 


the gas through a solution of ferrous sulphate, FeSO*, in 


which the nitric oxide is soluble while the nitrous oxide is 


insoluble. 


Properties .—Nitrous oxide is a colourless gas with a sweet 
and not unpleasant smell. It is soluble in cold water, and ia 
therefore usually collected over hot water, although, since 
it has a density of 22 (air = 14*4), it may conveniently be 
collected by downward displacement when cold. If the gaa 
is required dry, it is passed through strong sulphuric acid 
and collected over mercury. 

Nitrous oxide is used as an anaesthetic in dentistry and 
minor surgical operations. It is sometimes called “ laughing- 
gas,” since the inhalation of a mixture of nitrous oxide and 
air produces hysterical laughter. It is very readily decom¬ 
posed, on heating, into a mixture of nitrogen and oxygen, 
containing 33'3 per cent, by volume of the latter, so that 
substances burn very readily in it-—nearly as well as in pure 
oxygen. Heat is given out during the decomposition of the 
nitrous o^ide, and this assists in raising the temperature and 
therefore aids the combustion. A glowing splint is re-lit by 
nitrous oxide, but the latter gas may easily be distinguished 
t'from oxygen by the following tests : 

(i) Nitrous oxide has a characteristic sweet smell. 

(ii) Nitrous oxide is much more soluble in cold water than 


18 oxygen. 

(iii) Nitrous oxide when mixed with nitric oxide gives no 
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brown fumes of nitrogen peroxide, such as are given by 
oxygen with nitric oxide. 

(iv) On burning a piece of phosphorus in nitrous oxide, 
ike residual gas on cooling has the same volume as that of the ^ 
rpitrous oxide started tviih — 

5N2O 4 - 2 P = PgOs + SNj. 

Solid. 

The last experiment shows us that 1 volume of nitrous 
oxide contains 1 volume of nitrogen, 

by Avogadro’s Hypothesis, 

1 molecule of nitrous oxide contains 1 molecule of nitrogen, 

formula is NjO*. 

X is found by a V.D. determination— 

V.D. = 22 M.W. = 44. 

Of these 44 parts, 28 are nitrogen (from formula N,Oj, 
above), 16 are oxygen. But 16 is the A.W. of oxygen, ^ 
X = 1 and the Formula is NjO. 

Nitric oxide, NO.—Nitric oxide, like nitrous oxide, is a 
gas. It is made by pouring moderately concentrated nitric 
acid upon copper turnings, and is collected over water— 

3Cu + SHNOs = 3 Cu(N 03 )a + 4 H 3 O + 2NO. 

A suitable apparatus is shown in Fig. 72. If the gas is 



required dry it is passed through calcium chloride and col¬ 
lected over mercury. 

Properties. —Nitric oxide is a colourless gas, which immedi- 
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ately combines with free oxygen when the two are brought 
into contact; it is therefore impossible to say whether it has 
any taste or smell. The brown fumes which are formed when 
nitric oxide is exposed to air or oxygen consist of nitrogen 
^'peroxide, NOg (p. 278)— 

2NO + Oa = 2X0*. 

Nitric oxide will not burn, but will support combustion 
if the burning substance is hot enough to decompose the gas 
into nitrogen and oxygen. Nitric oxide is more stable than 
nitrous oxide, so that the temperature required to bring 
about this decomposition is correspondingly higher. Thus, 
feebly burning phosphorus is extinguished if plunged into nitric 
oxide, but if strongly burning it continues to burn in the gas. 

Both nitrous and nitric oxides are neutral to litmus ; since, 
however, nitric oxide so readily forms nitrogen peroxide when 
it can get at free oxygen, and since nitrogen peroxide dissolves 
,in water to form an acid solution, nitric oxide often appears 
to redden litmus. 

Composition of Nitric Oxide .—The composition of nitric 
oxide is determined by enclosing a measured volume in a 
eudiometer tube over mercury. The eudiometer contains a 
spiral of thick iron wire which may be raised to a red heat 
by means of an electric current. On heating, the wire reacts 
with the nitric oxide, forming solid oxide of iron (whose 
volume is practically equal to that of the iron from which 
it came, and may therefore be neglected) and nitrogen. After 
tooling, it will be found that the volume of the residual 
nitrogen is half that of the nitric oxide taken. 

1 volume of nitric oxide contains ^ volume of nitrogen, 
by Avogadro’s Hypothesis, 

1 molecule of nitric oxide contains J molecule of nitrogen, 
/. formula is NO*. 

X is found as for nitrous oxide. 

Nitric oxide is practically insoluble in water, and may 
therefore be collected at the pneumatic trough. A mixture 
of carbon disulphide vapour and nitric oxide burns with a 
bright blue flash, and was formerly used by photographers 
for taking flashlight photographs. 
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Nitrogen peroxide, NO, or NjO,.—This gas is the com- 
monest oxide of nitrogen. It is alternatively known as 
nitrogen dioxide or nitrogen tetroxide, and is prepared by 
the action of heat upon lead nitrate— 

2Pb(N03), = 2PbO + 4NOa + 0,. r 

The mixture of gases is passed through a U-tube surrounded 
by a freezing mixture ; the oxygen passes on while the nitrogen 
peroxide (which is usually impure) condenses to a greenish- 
yellow liquid. 

Properties .—Nitrogen peroxide is a brown gas with a char- 



acteristie pungent smell. It will not bum nor will it support 
combustion (unless—as in the case of nitric oxide—the tem¬ 
perature of the burning body is high enough to split it up 
into oxygen and nitrogen). From vapour density deter¬ 
minations, it is found that at temperatures just above the 
boiling-point of the substance (22® C.), the molecular weight 
is 92. This corresponds to the formula NjO* (2 x 14 -A 
4X 16). At higher temperatures, however, the V.D. gradually 
diminishes until at 160® it reaches a minimum value of 23. 
This corresponds to a M.W. of 46 and a formula NO,. 

On heating, therefore, nitrogen peroxide dissociates, t.«. 
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its molecules split up into simpler ones, the reverse change 
taking place on cooling— 

N^O. ^ 2NOa. 

_ At temperatures below 150°, the gas consists partly of NO, 
/molecules and partly of NjO, molecules, the higher the tern- 
perature the greater being the proportion of the former. 

Nitrogen peroxide is a very poisonous gas, and may quickly 
give rise to septic pneumonia. It sJurnld therefore on no 
account be inhaled: a special word of warning is necessary 
here, as nitrogen peroxide is so often made in school labora-^ 
tories. Nitrogen peroxide is far more dangerous than most 
of those gases concerning which danger-signals are hoisted. 

Nitrogen peroxide converts moist sulphur dioxide into 
sulphuric acid— 

SO, + H,0 + NO, = H,SO, + NO, 

and is used for this purpose in the manufacture of sulphuric 
'acid by the lead-cKamber process (p. 307). 

Phosphorus 

Symbol: P; Valency: 3 or 5; Atomicity of Vapour : 4; 
Atomic Weight: 31. 

Phosphorus is an element which shows many resemblances 
to nitrogen, and this similarity extends to the compounds 
of the two. The discovery of phosphorus was made in 1669 
by the German chemist, Brandt, but it was not until 
ScHEKLB, in 1771, showed that it could easily be obtained from 
bone-ash, that phosphorus was anything more than a chemical 
curiosity. 

Occurrence.—Phosphorus is very chemically active, and 
80 is found only in the form of compounds, the chief of which 
is calcium phosphate, CajfPO,),. Bone-ash, i.e. the ash left 
after burning bones, is composed mainly of calcium phos- 
I^Kate, and large quantities of phosphorite and Redonda 
phosphate (both impure calcium phosphate) occur naturally. 
Some of the principal deposits are in Morocco and Algeria. 

Preparation.—Phosphorus is manufactured by strongly 
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heating a mixture of coke, silica (SiOj, p. 349) and calcium 
phosphate in an electric furnace (Fig. 74)— 

Cas(PO0a + 5C + ZSiO^ = SCaSiOs + 2P + SCO. 

Calcium silicate. 

The phosphorus vapour which comes off is condensed under< 
water in copper vessels, and the liquid phosphorus is then 
allowed to set in tubular moulds—hence the familiar “ sticks.” 

Properties.—Phosphorus exists in several allotropic modi¬ 
fications, of which the chief are “ yellow ” (or “ white ”) 
phosphorus, and “ red ” phosphorus. 

Yellow Phosphorus .—This is a semi-transparent pale-yellow 
waxy crystalUne solid, which can easily be cut with a knife. 
It gradually darkens on exposure to air, becoming finally 
very dark brown. It is practically insoluble in water, but 
dissolves readily in carbon disulphide. When gently warmed 
in air it takes fire spontaneously (30® C.), so that it is always 
kept under water, and should never be touched with the fingers* 

The name “ phosphorus ” [light-bearer) was given to the' 
element on account of its peculiar property of glowing in the 
dark. Nicolas Lemery, in his Cours de Chimie (1694), 
mentions certain practical jokes which had been carried out 
by means of the phosphorescence and ready ignition of phos¬ 
phorus. He says also that a piece of phosphorus accidentally 
found its way into the bed of a visitor to Boyle ; a servant had 
to extinguish the conflagration by throwing buckets of water 
over both bed and visitor. 

The glow is due to the slow combustion of the phosphorus', 
which gradually oxidizes, forming a mixture of its oxides, 
chiefly phosphortwi^ oxide, P4O,. When phosphorus is biunt 
in air or oxygen, the main product is phosphoric oxide or 
phosphorus pentoxide, PtOj— 

4P -h 50, = 2P,0,. 

Yellow phosphorus is very chemically active. It will com¬ 
bine directly with chlorine, igniting spontaneously wh^ 
plunged into the gas. The product is phosphorus pent^ I 
chloride, PClg— 


2P 4- 6C1, = 2Pa,. 
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It is extremely poisonous, and is occasionally used as a 
rat-poison. Red phosphorus is a red powder which appears 
to be amorphous. Close examination, however, has shown 
that it is really crystalline, although the crystals are very 
minute. It is made by heating the yellow form in a cast- 
iron pot to a temperature of 230-250°, in the absence of air. 
A trace of iodine may be used as a catalyst when the action 



is carried out on a small scale. 

Red phosphorus is not so 
chemically active as the yel¬ 
low variety. It is insoluble 
in water, and is not poisonous 
when swallowed. It will not 
dissolve in carbon disulphide, 
and takes fire in the air only 
when heated to a compara¬ 
tively high temperature 
(260° C.). It does not glow 
in the air, and will not take 
fire spontaneously in chlorine 
(contrast the yellow form). 

Transformation of Red Phos¬ 
phorus into Yellow and of 
Yellow into Red. —(i) Yellow 
to red. Heat to 240° in nitro¬ 
gen or other inert gas, with a 
r crystal of iodine as catalyst. 

(ii) Red to yellow. Heat in 
an inert gas until the vapour is produced (above 550°). On 
rapidly cooling the vapoxir, yellow phosphorus is formed. 

To show that both the yellow and red forms are the same 
element, equal weights of the two may be burnt in oxygen. 
It will be found that equal weights of phosphorus pentoxide 
are obtained. 

I Other allotropic forms of phosphorus are known. One of 

them, “ scarlet phosphorus,” is used in making certain kinds of 

matches. “ Strike anywhere ” matches are sometimes tipped 

with a mixture of scarlet phosphorus, potassium chlorate, red- 

K 


Fio. 74.—Manufacture of 
Phosphorus. 
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lead, gum, and a colouring matter. When they are rubbed, 
the heat produced by the friction is sufficient to cause the 
phosphorus to be ignited by the oxidizing agents present, and 
the combustion of the phosphorus sets fire to the wood. In 
most “ strike any^-here ” matches, however, scarlet phoa* 
phorus is replaced by a compound of phosphorus and sulphur, 
called phosphorus sesquisulphide, P4S9. “ Safety ” matches 

are made from a mixture of potassium chlorate, antimony 
sulphide, red-lead, potassium dichromate, and gum. They 
must be ignited by rubbing on a specially prepared surface 
(on the side of the box) containing red phosphorus, powdered 
sand or glass, antimony sulphide and gum. Most of the 
processes in the modem manufacture of matches are carried 
out by machinery. 

Compounds of Phosphorus. 

Phosphine or Phosphoretted Hydrogen, PH,. 

Phosphine was first prepared by heating yellow phosphorus 
Tiuth caustic potash solution. This method is still employed 
for laboratory preparation of the gas (Fig. 75)— 

4P + akOH -f- 3H9O = 3KHjPOa + PH3. 

KHjPOj is called potassium hypophosphite. To conduct the 
experiment caustic potash (or soda) solution and some pieces 
of yellow phosphorus are placed in a round-bottomed flask 
fitted with a cork carrying a delivery-tube and another tube 
which admits coal-gas. All air is first swept from the appar- ^ 
atus by a stream of coal-gas, and the flask is then heated. 
Phosphine comes off, and as each bubble rises from the 
water of the trough into the air, it ignites spontaneously and 
forms a vortex ring of white phosphorus pentoxide. 

Phosphine may also be prepared by the action of water 
upon calcixim phosphide, CaaP^— 

CagPa -f 6HjO = 3Ca(OH)2 + 2PH3. ' , 

Properties .—Phosphine is a colourless gas with a very\ 
unpleasant smell, rather like that of decaying fish, and is' 
extremely poisonous. It is only slightly soluble in water, 
in this respect differing from the corresponding compound 
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of nitrogen, viz., ammonia (p. 261). It is, however, a basic 
anhydride, like ammonia, and combines directly with acids 
to form salts, the phosphonium salts, e.g. 

PHj + HI = PH4I, phosphoniura iodide, a white crystalline 

solid. 

The base itself, phosphonium hydroxide, PH4OH, is unknown, 
and a solution of phosphine in water has no action on litmus. 



Fio. 75.—Preparation of Phosphine. 


As generally prepared, phosphine is spontaneously inflam¬ 
mable in air. When pure, although it will burn readily when 
ignited, it does not take fire spontaneously. The products 
'of combustion are water and phosphorus pentoxide— 

2 PH 4 + 40i = P^Os + 3H,0. 

Calcium phosphide, CajPz, is made by heating calcium phos¬ 
phate with carbon in the electric furnace— 

Ca3(P04)a + 8 C = CasPa + SCO. 

Commercial calcium phosphide is a reddish brown solid 
which yields spontaneously inflammable phosphine on treat- 
•ment with water. Mixed with calcium carbide it is there¬ 
fore used in Holmes' signals, which consist of tins containing 
the mixture, attached to a buoy. When required for use, 
the tins are pierced at each end and thrown into the sea. 
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The acetylene evolved ia ignited by the ignition of the phos¬ 
phine it contains, and the sea is lit up. 

Phosphorus trichloride, PClg, is prepared by passing 
chlorine through molten phosphorus in a retort from which 
all air has previously been removed by a stream of carbon 
dioxide. The phosphorus takes fire and bums in the chlorine, 
and the phosphorus trichloride distils over as a colourless 
oily liquid. It fumes in thfe air, and is decomposed by water 
w'ith formation of phosphorous acid and hydrochloric acid— 

PCI 3 + 3 H 3 O = H 3 PO 3 + 3HC1, 

QJ g: QJJ QJJ 

P^Cl Hi OH =- P^OH + 3HC1. 

• \ Cl H; OH \OH 

• ••••••• 0^9* * * 

Phosphorus pentachloride, PCI 5 , is made by allowing 
phosphorus trichloride to react with excess of chlorine. A 
convenient apparatus for the purpose is shown in Fig. 76. 4 
It consists of a wide-necked jar fitted with a cork carrying a 
dropping-funnel and two delivery-tubes. A current of dry 
chlorine is slowly passed through the jar, and the trichloride 
run in drop by drop from the funnel. Solid phosphorus 
pentachloride collects in the jar. It is a yellowish crystalline 
substance with a peculiar smell. It sublimes on heating, and 
the vapour is dissociated into phosphorus trichloride and 
chlorine— 

PCI 3 ^ PCI, + Cl,. 

It fumes in the air, and is vigorously attacked by water; 
the first change results in the formation of a colourless oily 
liquid, phosphorus oxychloride, POCl,, and this is then acted 
upon by more water, yielding orthophosphoric acid,- H 3 PO 4 — 

PCIb + H,0 = POCl, + 2HC1. 

POa, + 3H,0 = H 3 PO 4 -4- 3HC1. 

Phosphorous oxide or phosphorus trioxide, P »03 or 
P 40 e, is formed, together with the pentoxide, when phos-\ 
phorus is burnt in a limited supply of air. The phosphorus 
is burnt in a long hard-glass tube, and the products of com¬ 
bustion are passed through a plug of glass wool. This stops 
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the pentoxide, which is solid, but the more volatile trioxide, 
being still in the gaseous state, passes through and is con¬ 
densed in a cooled U-tube. It is a white crystalline solid, 
which melts at 23°, and rapidly absorbs oxygen from the air 
forming the pentoxide— 

PaOg + O 2 — P205. 

It dissolves in water, forming phosphorous acid, H 3 PO 3 , of 
which it is therefore the anhydride — 

PaOs H- 3 HaO = 2H3PO3. 

Phosphorus trioxide is a poisonous sub¬ 
stance with a smell resembling that of 
garlic. 

Phosphoric oxide or Phosphorus 
pentoxide, PjOs, is made by burning 
phosphorus in excess of air or oxygen. 

It is a white crystalline solid with a 
great affinity for water ; it is, indeed, the 
most effective drying-agent known. It is 
very quickly turned to a semi-liquid 
mass, metaphosphoric acid, HPO 3 , on ex¬ 
posure to air, and dissolves in water with 
a hissing noise forming metaphosphoric 
acid in the cold but orthophosphoric acid 
if ihe water is hot— 

(i) PaO* + HaO = 2HPO,. 

(ii) PaOs + 3HaO = 2 H 3 P 0 «. 

In addition to its drying powers it 

possesses the property of taking the 
elements of water out of many substances 
which contain them. Thus it yields 
nitrogen pentoxide with nitric acid and sulphur trioxide with 
^ulphuric acid. 

' (i) 2H]Sr03 — HjO = NaOs. 

(ii) HaSO, - HaO = SO 3 . 

Phosphorus pentoxide is the anhydride of phosphoric acid, 
of which there are three varieties, as described below. 


Fig. 76.—Prepar- 
ation of Pho3> 
phorus Penta* 
chloride. 

A. Phosphorus tri¬ 
chloride. B. Chlor* 
loe in. C. Excess 
chlorine out. 
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Orthophosphoric acid, HgPO*, is the most important 
acid of phosphorus. It may be obtained by decomposing 
calcium phosphate ‘with sulphuric acid— 

Ca3(P0,)j + SH.SO^ = 3CaS04 + 2 H 3 PO 4 , , 

and evaporating the solution after filtration from the calcium 
sulphate. It is also formed when phosphorus pentoxide is 
added to boiling water— 

P3O5 + 3 HjO = 2H3Pb4, 

and when a solution of metaphosphoric acid, HPO3, is boiled— 

HPO 3 + HjO = H 3 PO 4 . 

The pure acid may be most conveniently prepared by cau¬ 
tiously boiling yellow or red phosphorus (preferably the latter) 
with nitric acid. 

The aqueous solution of the acid obtained in any of the 
above ways is concentrated until the temperature rises to^ 
140°. The syrupy liquid is then allowed to cool in a desic¬ 
cator, and the acid separates out as colourless rhombic 
crystals, melting at 41-7°. 

Orthophosphoric acid is soluble in water, giving a feebly 
acid solution. It is a tribasic acid and forms three sodium 
salts— 

NaH 2 P 04 , sodium dihydrogen orthophosphate. 

NagHPOi, disodium hydrogen orthophosphate. 

Na 3 p 04 , trisodium orthophosphate, or normal sodium 
orthophosphate. 

Normal sodium phosphate gives a strongly alkaline, solution. 
The disodium salt, Na 2 HP 04 , is ordinary laboratory 
“ sodium phosphate.” It has a slightly alkaline reaction in 
solution. 

The monosodium salt, NaH 2 P 04 , has a very slightly acid 

reaction in solution. > 

A solution of ordinary “ sodium phosphate ” has a marked 
stimulating effect when drunk, and was given to German- 
soldiers during the war of 1914-18 to invigorate' and refresh 
them. It is also a constituent of the “ iced phosphate 
drinks perpetrated by American Soda Fountains. 
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The constitution of orthophosphoric acid is represented by 
the formula— 


/OH 
O = P/ OH. 
^OH 


Titration with caustic soda using litmus or phenolphthalein 
as indicator gives the disodium salt; with methyl orange the 
colour change occurs at the stage corresponding to NaHzPO*. 

Calcium superphosphate, CaH 4 (P 04 ) 2 , is an important fer¬ 
tilizer made by acting upon mineral calcium phosphate with 
sulphuric acid— 

Ca3(P04)2 + 2 H 2 S 04 = 2CaS04 + CaH,(P04)2. 

Pyrophosphoric acid, H 4 PJO 7 , is formed when ortho- 
phosphoric acid is cautiously heated at a temperature of 
about 215-220®. Two molecules of the orthophosphoric acid 
* lose one molecule of water— 


2H3PO4 = H4P8O, + HaO. 

It is a white crystalline solid, and yields salts called the 
pyrophosphates. 

Meta-phosphoric acid, HPOs, may be made by heating the 
ortho or the pyro acid to redness— 

H 3 PO 4 = HaO + HPOa. 

H.PaO, =2HP03 + H20, 

or by adding phosphorus pentoxide slowly to cold water— 

P2O5 + H3O = 2HPO3. 

It is a glassy transparent solid, and is put on the market as 
“ glacial phosphoric acid.” It is a monobasic acid and the 
chief salt is sodium metaphosphate, NaPOs- This is formed 
when sodium ammonium hydrogen orthophosphate, or 
microcosmic salt (so-called because it is found in the excretory 
products of the “ microcosm,” i.e. man), is strongly heated— 

, NaNH4HP04 = NaPOg -}- H3O + NH3. 

Fused sodium metaphosphate dissolves many metallic oxides 
to form coloured orthophosphates ; microcosmic salt is there- 
fore sometimes used instead of borax for the “ bead ” test 
in analysis. 
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Tests for Phosphates.—AH the phosphoric acids and 
their salts when heated with ammonium molybdate solution, 
(NH 4 ) 2 Mo 04 , and excess of concentrated nitric acid, give a 
yellow precipitate of variable composition called ammonium 
ph osphom olybdate. 

With silver nitrate solution, orthophosphates give a yellow 

precipitate, 

pyrophosphates give a white 
precipitate, 

metaphosphates also give a 
white precipitate. 

With a solution of white of egg, metaphosphates cause coagu¬ 
lation, 

ortho- and pjTO- phosphates 
have no action. 

Questions 

1. Who discovered nitrogen ? 

2. Whet does “ nitrogen ** mean T What does azote ** znean T 

3. How does nitrogen occur in nature ? 

4. How could you obtain nitrogen from air 7 

5. Describe the preparation and properties of pure dry nitrogen. 

6. Write the formula for {<s) magnesium nitride, (6) ammonium 
nitrite, (c) Chile saltpetre, (d) nitre, (e) ammonia. 

7. What is the origin of the name ammonia 7 

8. Describe the preparation and properties of ammonia. 

9. How would you dry ammonia 7 

10. Describe a synthetic process for obtaining ammonia eommer* 
cially. 

11. Describe a modem ice^making machine. 

12. Mention the chief tests for ammonia and c^mmonium salts. 

13. Upon what evidence is the formula NH^ assigned to ammonia 7 

14. Explain the difference between ammonia and ammonium. 

15. How have people tried to obtain ammonium 7 

16. WTiy is it wrong to call a solution of ammonia ** ammonium 
hydrate ** or ** liquid ammonia ** 7 

17. Write equations for the action of ammonium hydroxide upon\^ 
solutions of (a) copper sulphate, (6) ferrous chloride, (c) zinc sulphate, y 
(d) aluminium chloride. 

18. Mention a test for copper. 

19. Explain the term sublimation. Why did the alchemists call sal 
aniiDcniac the ** White Eagle 7 


PHOSPHORUS 289 

20* What do you understand by the term ** dissociation ** ? Dea« 
oribe examples of this phenomenon* 

21. What is the action of heat upon (o) ammonium nitrate, (b) 
ammonium nitrite, (c) ammonixun chloride 7 
^ 22. What are (a) aqua fortis, (6) aqua regia f 

f 23. How is nitric acid prepared in the laboratory t What are its 
chief properties ? 

24. What do you mean by the fixation of nitrogen ? 

25. Describe methods of obtaining nitric acid (a) directly from 
the air, (5) from ammonia. 

26. What is the action of nitric acid upon (a) tin, (6) copper, (c| 
sulphur, (d) phosphorus, (e) marble ? 

27. Describe the brown-ring test for nitrates. 

28. Give a short account of the action of heat upon nitrates. 

29. Describe the preparation and properties of nitric oxide. 

30. M ,, ,, „ ,, nitrous oxide, 

31« ,, „ nitrogen peroxide. 

32. Upon what evidence are the formulas N^O and NO assigned 
to nitrous and nitric oxide respectively 7 

33. How would you distinguish between oxygen and nitroxis oxide t 
«Why are you likely to confuse these two gases 7 

34. How does pbosphoms occur in nature 7 

35. How is phosphorus manufactured 7 

36. Compare and contrast the properties of yellow phosphorus with 
those of red phosphorus. 

37. How may yellow phosphorus be converted into red phosphorus 
and tnce versd 7 

38. Describe the preparation of phosphine. 

39. Compare and contrast the pro pertly of phosphine with those 
of ammonia. 

40. Chemists classify nitrogen and phosphonis together. Show, 
by a consideration of the properties of these elements and of their 
Compounds, that this classlScation is justified on chemical grounds. 

41. Describe the preparation and properties of the chlorides of 
phosphorus. 

42. How are (a) phosphorus trioxide and (6) phosphorus pentoxide 
prepared 7 What are their chief properties 7 

43. Write the formula and give the names of the three phosphorio 
acids. 

44. Mention some testa for the phosphoric acids and their salt#.. 



CHAPTER XVll 
SULPHUR 


Symbol: S; Atomic Weight: 32; Valency: 2, 4 or 6; 
Specific Gravity : about 2 ; Boiling-point: 444®. 

History of Sulphur.—The word sulphur shows us that this 
element and one of its most characteristic properties have been 
kno^ for some thousands of years, for “ sulphur ” is the 
Latin form of the Sanskrit word sulvari or “ enemy of copper ” \ 
Sanskrit is the language of the ancient Hindoos, so that these ^ 
people were acquainted with sulphur 3,000 years or more 
ago, and knew also that it “ destroys ” copper when the two 
are heated together. The black substance so formed we now 
call cuprous sulphide (Cu*S). (See p. 295.) To the Greeks 
and Romans sulphur was well known, since it occurs natur¬ 
ally in Sicily and other ^olcanic regions of the Mediterranean. 
jABm, the greatest of wie Arab chemists (he is said to have 
lived at the time of the Caliph Harun al-Rashid, eighth cen¬ 
tury A.D.), put forward the theory that all metals were com-^ 
posed of sulphur and mercury—a theory which was afterwards 
modified into the phlogiston theory of Becher and Stahl, about 
which you have read earlier in this book. 

The properties of sulphur were thoroughly investigated in 
the Middle Ages, and many sulphur compounds were des¬ 
cribed. That sulphur is an element was first shown by 
Lavoisier in 1777. 

How Sulphur occurs in Nature.—Sulphur in the fre^ 
state (that is, in the form of the element itself) is found in' 
vast quantities in Sicily and Italy and, at a depth of about 
700 feet, in Texas and Louisiana (U.S.A.). Compounds 

290 


SULPHUR 


291 


of sulphur with metals—the sulphides —are also widely dis¬ 
tributed in large quantities, e.g. iron pyrites, FeSa ; galena, 
PbS ; cinnabar, HgS (mercuric sulphide), and copper pyrites, 
CuFeSa. Much sulphur also occurs in the form of metallic 
t sulphates, e.g. calcium sxilphate, gypsum, CaS 0 i. 2 H 20 . 

Extraction.—In Sicily the natural sulphur is mixed with 
soil and stones and other impurities. Lumps of the crude 
sulphur ore are built up into heaps, which are covered over 
with the residue from a previous operation. The heaps are 
built on the side of a hill, and are set alight. Part of the 


I 



FiO- 77.—Extracting Sulphur in Sicily. 


'sulphur bums and melts the rest, which sinks to the bottom 
of the heap and flows out into wet wooden boxes placed to 
receive it. 

It is still not pure enough for general use, so it is boiled in 
iron pots and the vapour condensed in a brickwork chamber 
(Fig. 78). 

At first, the walls of the chamber (C) are cold, and the 
sulphur vapour then condenses to a fine powder (“ flowers of 
‘sulphur ”), but they gradually become heated by the vapour 
until they are above the melting-point of solid sulphur, and 
then the vapour condenses not to the solid but to the liquid 
state. The flowers of sulphur first formed are scraped out 
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through the trap-door at the top of the chamber. The liquid 
sulphur which later collects on the floor is run out and poured 
into cylindrical moulds, where it soUdifies and forms the so- 
called “ roll-sulphur.” 

In Louisiana and Texas, superheated steam is blown down 
through a pipe into the sulphur bed. The sulphur is thus 
melted, and is then forced up through another pipe by means 
of compressed air. It is very pure (99'5 per cent.), and does 




FiQ. 78.—Rofinoment of Sulphur. 



not require refinement. A single “ well ” often produces as 
much as 500 tons a day. 

Properties.—Sulphur exists in several different forms, 
called allotropes or allotropic forms of sulphur. You have 
already studied allotropy when you learnt about ozone and 
oxygen, so you will remember what it is : When an elemerU 
can exist in more than one form, those forms being physically 
and often chemically distinct, it is said to exhibit allotropy, and 
the different forms are called aUotropes, or allotropic forms, of 
the element. 

The chief forms of sulphur are (i) ordinary sulphur, which is 
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generally called rhombic sulphur from the shape of its crystals 
and (ii) monocUnic or prismatic sulphur, the crystals of which 
have a very different shape—they are long, thin, and needle¬ 
like (Fig. 79a). 

Rhombic Shuhcti is the ordinary, naturally-occurring 
form. It will dissolve in the inflammable liquid known as 
carbon disulphide, and when the solution is evaporated, the 
sulphur is left again still in the form of rhombic crystals 
(Fig. 796). 

Monoclinic or Prismatic Sulphur can be prepared by 
melting rhombic sulphur in a Battersea crucible, allowing the 
liquid to cool until a thin crust has just formed on the surface, 
piercing this with two holes and 
pouring out the remaining liquid 
through one of these while air 
enters through the other. If the 
* crust is now removed, the crucible 
will be found to be lined with long, 
transparent, needle-like crystals 
of monoclinic sulphur. Mono¬ 
clinic sulphur gradually changes 
back again into rhombic sulphur 
at ordinary temx>eratures, but 
above 95*3* the reverse is true, 
i.e. rhombic slowly changes into 
.monoclinic. At 95-3°, neither form shows any tendency to 
pass into the other : this temperature is called the tran¬ 
sition-point. Like rhombic sulphur, monoclinic sulphur 
readily dissolves in carbon disulphide, but when the solution 
is evaporated the crystals deposited are rhombic. 

To show that each form .consists of sulphur and nothing 
else, equal weights of the two could be taken separately and 
burnt in a current of oxygen. The sulphur dioxide (p. 300) 

, 80 formed could be absorbed in a weighed solution of caustic 
soda (in which ;t is soluble), and the increase in weight noted. 
This would be the weight of sulphur dioxide produced, and 
it would be found that the weight of sulphur dioxide from the 
known weight of rhombic sulphur exactly equalled the 





'a, o 

Fxo. 79.—MonocUnic and 
Rhombic Sulphur. 
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weight of sulphur dioxide from the same weight of the mono- 
clinic sulphur. Hence monoclinic and rhombic sulphur must 
be identical in chemical composition, and if one is sulphur 
so must the other be. 

In their chemical properties, the two forms of sulphur are 
practically identical, so that what follows may be taken to 
apply to them both. 

When sulphur is heated it melts, forming a pale amber- 
coloured liquid which runs about easily {i.e. it is mobile). 
At 160®, the liquid suddenly turns dark brown in colour and 
becomes quite sticky or viscous. It goes on darkening and 
becoming more and more sticky until at 235® it is practically 
black, and so viscous that it will not flow out if the test-tube 
containing it is held upside-down. At higher temperatures 
it becomes more mobile again, and at 444* it boils, forming an 
orange-coloured vapour. 

Plastic Sulphur. —If the nearly-boiling liquid is poured 
in a thin stream into cold water, it forms a very viscous, 
transparent elastic substance known as plastic sulphur. This 
can bo drawn out into long threads, and chemists consider 
it to be a supercooled liquid, that is, a liquid cooled so rapidly, 
to far below its freezing-point, that it has not had time to 
crystallize. Glass is another example of a super-cooled liquid. 

On standing, plastic sulphur is gradually converted into 
ordinary rhombic sulphur, a change which takes place more 
quickly if the plastic sulphur is kneaded and pulled about, 
with the fingers. 

Mrr.g OF SuLPHUR.—If slaked lime is stirred up with water 
a tiu-bid liquid called milk of lime is produced. Boiling milk 
of lime readily dissolves sulphur, forming a solution of a 
substance called calcium polysulphide, the formula for which 
is unknown ; it may be represented as CaSj. If hydrochloric 
acid is added to this solution of calcium polysulphide, sulphur 
is precipitated as a white powder which is known as milk ofy 
sulphur (or, in the druggists* shops, lac sulphuris). 

- Amorphous Sulphur.—^A n amorphous form of sulphur is 

also known. 

Further Properties of Sulphur. —^In many ways, sulphur 
resembles oxygen, and chemists indeed put these two elements 
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into the same “ family.” Both are non-metals, and they form 
compounds of the same types, as may be seen from the 
following table : 


f Typical Compoands of Oxygen. 
Water, H^O. 

Carbon dioxide, CO|. 
Copper oxide, CuO. 

Arsenic oxide, As^O^. 
Sodium hydroxide, NaOH. 
Silver oxide, Ag^O. 
Hydrogen peroxide, 


Typical Compouads of Sulpbor. 
Hydrogen sulphide, 

Carbon disulphide, CS^. 
Copper sulphide, CuS. 

Arsenic sulphide, As^Si* 
Sodixim hydrosulphide, NaSH. 
Silver sulphide, Ag^S. 
Hydrogen persulphide, H^S^* 


Moreover, they both exist in allotropic forms, and they 
both have a valency of 2 (although sulphur may also have .a 
valency of 4 or 6). 

When sulphur is strongly heated it can be ignited in air 
or oxygen, and burns with a blue flame, forming sulphur 
* dioxide, SO,— 

s + Os = so,. 

If sulphur vapour is passed over red-hot carbon, the two 
combine, forming carbon disulphide, CS,— 

C + 2S = CS,. 


Sulphur will also combine directly with hydrogen, for if 
hydrogen is passed through boiling sulphur, hydrogen sulphide, 
HjS, is formed in small quantities— 


H, S ^ HgS. 

Most metals will combine directly with sulphur on heating. 
Thus a mixture of iron filings and sulphur, if gently heated, 
soon becomes incandescent, owing to the vigour with which 
the iron and the sulphur combine to form ferrous sulphide, 
FeS— 

Fe -1- S == FeS. 


Similarly copper burns brightly in sxilphur vapour, the 
product being cuprous sulphide, CugS— 

2Cu + S = CugS. 

Sulphur and mercury may be made to combine simply by 
rubbing the two together in a mortar— 

Hg + S = HgS {mercuric sulphide). 
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The only common metal which will not combine directly 
with sulphur is gold. 

Siolphur will not dissolve in dilute acids, but it dissolves 
in hot concentrated nitric acid, being converted into sulphuric , 
acid. 

Uses.—Sulphur is used in the manufacture of sulphuric 
acid, carbon disulphide and other compounds. It is also 
employed to keep vines from becoming mouldy ; the sulphur 
is burnt in the vineyards and the sulphur dioxide, SO 2 , which 
is formed, kills the moulds and other fungi. Much sulphur is 
used in the manufacture of matches and gunpowder, while 
vulcanite is made by treating ordinary india-rubber with 
sulphur under special conditions. 


Compounds of Sulphur. 

Hydrogen sulphide, HjS. 

This gas is alternatively known as sulphuretted hydrogen. 
It is a colourless gas. Although it can be made by passing 
hydrogen through boiling sulphur, as mentioned above, this 



is not a convenient method of preparing the gas. It is 
usually prepared in the laboratory by the action of a dilute 
acid upon ferrous sulphide : hydrochloric acid is the acid» 
generally used— 

FeS + 2HC1 = FeCl* + H,S. 

Ferrous 

chloride* 
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[What volume of dry hydrogen sulphide, measured at N.T.P., could 
you obtain from 4-4 grams of ferrous sulphide, and what weight of 
ferrous chloride would be formed at the same time ?] 

The apparatus for the purpose is shown in Fig. 80. 

As the gas is heavier than air (V.D. = 17 ; V.D. of air = 
14*4), it can be collected by down¬ 
ward displacement. It cannot be 
collected over water, in which it is 
soluble, or over mercury, which it 
attacks. 

Since ferrous sulphide almost 
always contains iron, the hydro¬ 
gen sulphide obtained in this way 
is contaminated with hydrogen 
(Fe + 2HC1 = FeCl, + H,). A 

purer gas can be made by using 
' antimony sulphide, Sb^Ss, instead 
of ferrous sulphide— 

SbjSa + 6HC1 = 2SbCL + SH^S. 

Antimony 
chloride. 

The gas should be washed by 
passing it through a little water. 

This removes any hydrogen 
chloride carried over. 

As the gas is very often required 
in the laboratory, forms of appar¬ 
atus have been invented which 
are automatic in action. The well- 
known apparatus devised by Kipp 
(Fig. 81) is generally used. You will understand how it 
works when you see it in action. 

Properties.—Hydrogen sulphide is a colourless gas with 
a sweetish and iinpleasant smell of rotten eggs. Bad eggs, 
in fact, owe their smell to the fact that they contain 
hydrogen sulphide, which is formed when white of egg 
decomposes. 

It is a poisonous gas, and, if breathed, rapidly produces 
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headache. It will burn in air with a blue flame, for ming 
steam and sulphur dioxide if there is plenty of air— 

2HaS + 3O2 = 2 HsO + 2SO3. 

If, however, there is not enough air, sulphur is deposited— 

2H3S + 03 = 2H3O + 2S. 

It is believed that the sulphur which occurs in volcanic 
• regions may have been formed in this way, since volcanic 
gases always contain hydrogen sulphide. 

When moist hydrogen sulphide and sulphur dioxide are 
mixed, the two gases react, and sulphur and water are 
formed— 

2HaS + SO 2 = 2HjO + 3S. 

Hydrogen sulphide is readily soluble in water (1 litre of 
water dissolves about 3 litres of the gas at 15® C.), and the 
solution will turn blue litmus red, t.e. it is acid. Hydrogen 
sulphide is therefore sometimes called kydrosulphuric acid (cf. 
hy^ochloric acid, HCl). The salts of hydrogen sulphide are 
called sulphides. They can be made by heating the metal 
with sulphur, or, since they ore mostly insoluble, they can be 
precipitated by passing hydrogen sulpliide through a solution 
of a soluble salt of the metal. Examples of sulphides which 
may be precipitated in this way are— 


Sulphide — 

Lead (black) 
Mercuric (black) . 
Bismuth (black) . 
Copper (black) 
Cadmium (yellow) 
Arsenic (yellow) . 
Antimony (orange) 


. Pb(NO,)* + HjS 
HgCl] + H 2 S 
. 2 Bi(N 05)3 + 3Hj; 

. CuSO* + HgS 
. CdCI* + H^S 
2AsClj + 3HjS 
. 2SbCl, + 3H,S 


= PbS ■I' + 2HNO,. 
« HgS + 2HC1. 

= BijSj + 6HN0,. 
= CuS ^ + HiSO*. 

= CdS I + 2HCL 
«= AsjS, >1 + 6HC1. 
= SbjS, 4^ + 6HC1. 


Tin- 

Stannous (brown) SnClj + 

Stannic (dirty yellow) . SnCl* + 2 H 2 S 


= SjxS ^ + 2HC1.. 
= SnSa + 4HC1. 


Of those sulphides which are insoluble in water, some will, 
however, dissolve in dilute hydrochloric acid, while others 
will not. The examples given above are those t^ch are not 
soluble in a dilute acid. It is owing to its power of precipi* 
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tating the siilphides of metals that hydrogen sulphide is used 
80 largely in quaUtative analysis. 

Hydrogen sulphide will react directly with chlorine, bromine 
or iodine, especially in the presence of water. Thus if it is 
passed through a solution of chlorine or bromine, or through 
water in which iodine is stirred up, the following actions 
occur— 

(Chlorine.) + JiS = 2HC1 

(Bromine.) Br j + H^S = 2HBr + S 4*. 

(Iodine.) I, + H^S = 2HI + S 4^. 

In each case, a solution of the halogen acid is obtained, and 
sulphur is precipitated. These reactions may be regarded as 
reductioTis of the halogens (Cl, Br, or I) by the hydrogen 
sulphide, which is itself oxidized to sulphur. 

If hydrogen sulphide is passed through sulphuric acid, it 
reduces the latter to sulphur dioxide, and is itself oxidized 
to sulphur— 

H^S -h iTaSO, = 2H2O + SO^ + S. 

Hence, sulphuric acid cannot be used to dry the gas \ neither, 
of course, can quicklime, which is a base and would react 
with hydrogen sulphide— 

CaO + HaS = CaS + HaO. 

It is best, therefore, to dry hydrogen sulphide by passing 
it through U-tubes containing calcium chloride. 

Formula of Hydrogen Sulphide.—A known volume of 
the gas is placed in a eudiometer tube over mercm-y [if it 
is quite dry its action on mercury is extremely slow], and 
sparks are passed through it for some time. It is thus decom¬ 
posed into hydrogen (gas) and sulphur (solid, hence volume 
can be neglected). The volume of hydrogen formed is found 
to be the same as that of the original hydrogen sulphide. 

Hence, by Avogadro’s Hypothesis— 

1 molecule of the gas contains 1 molecule of hydrogen. 

But the molecule of hydrogen is Hj. 

formula for hydrogen sulphide is HjS*, where x is still 
to be found. 
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To find X — 

Determine the Vapour Density. This is found to be 17. 
Mol. Wt. is 34. 

But of these 34 parts we know that 2 are hydrogen. 

.'. 32 parts are sulphur. 

But the atomic weight of sulphur is 32, x = 1, and the 
Formula is HjS. 


Oxides of Sulphur. 


Sulphur forms several oxides, of which the chief are sulphur 
dioxide, SO| (gas), and sulphur trioxide, SO 3 (solid). 

Sulphur dioxide, SO*.—K we may judge from their 
accounts of their experiments, one of the chief amusements 
of the alchemists was burning sulphur or sulphides, so that 
they must have made 
In those days, however, the chemistry of gases was not yet 
studied, and gases were thought to be nothing more than 
varieties—generally impure—of ordinary air. The first man 
to collect, and examine the properties of, sulphur dioxide was 
Priestley, who in the year of the discovery of oxygen 
(1774) made it by heating sulphuric acid with mercury— 


sulphur dioxide innumerable times. 



Hg 2 H 2 SO 4 = HgS04 4- 2 H 2 O + SOg. 

Three years later (1777) it was investigated by Lavoisier, 
who showed that it was a compound of sulphur and 
oxygen. 

Preparation. —^When sulphur is heated in air to a suffi¬ 
ciently high temperature it takes fire and burns with a ghostly 
blue flame; the product is sulphur dioxide—^ 

S ~}- O2 ^ SOj. 

This, however, is not a convenient way of preparing the 
gas in the laboratory, although it is used on the commercial 
scale. In the laboratory we prefer to make it by heating ^ 
concentrated sulphuric acid with copper. Other metals will 
do {e.g. mercury—see above—and zinc), but copper is chosen, 
since it is cheaper than mercury and because the action goes 
very quietly. The equation for the reaction is usually given 
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as follows, though in all probability the changes are much 
more complex— 

Cu + 2 H 2 SO 4 = CUSO 4 4 - 2 H 2 O + SO2. 

[Note that the residue in the Bask is black, because some 
cuprous sulphide, CujS, is formed in a side-reaction.] 

The apparatus employed is shown in Fig. 82. 



White fumes (sulphur trioxide, etc.) contaminate the 
svilphur dioxide prepared in this way. They may be removed 
by bubbling the gas through cold concentrated sulphuric 
acid. 

Since sulphur dioxide is soluble in water but heavier than 
air (V.D. = 32 ; V.D. of air = 14-4), it is collected by down¬ 
ward displacement. It can be collected over mercury, and 
if required dry should be bubbled through concentrated 
sulphuric acid. 
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Commercial Preparation. —Sulphur dioxide is prepared com¬ 
mercially by burning sulphur or iron pyrites in air— 

(i) S + O, = SO„ 

(ii) 4FeS2 + IIO 2 = 2 Fe 203 + 880^, 

or by heating coke with concentrated sulphuric acid— 

C -b 2 H 3 SO 4 = 2SO, -I- 2 H 2 O + CO 3 . 

Formation. —Sulphur dioxide is given off by the action of 
a dilute acid upon a sulphite, l)isuli)hite or thiosulphate— 

Na^SOa ^ 2HCi = 2NaC] + H^O + SO 3 . 

Sodium sulphite. 

(Cf. Na 3 C 03 + 2HC1 = 2NaCl -f- H,0 + COj.) 

NaHSO, + HCl = NaCl + H^O + SO,. 

Sodium bisulphite. 

(Cf. NaHCOa 4 - HCl = NaCl + H^O + CO 3 .) 

NajSjOa + 2HC1 = 2NaCl + H^O + SOg + S . 

Sodilun 

thiosuipliate. 

Propertie.s. —Sulphur dioxide is a colourless gas with a 
very pungent smell (“ burning sulphur ”). It is much heavier 
tlian air, w’ill not burn, and will not support combustion. 
Germs and the lower forms of animal life are readily killed 
by the gas, wliich is therefore used as a disinfectant. In 
many schools, for instance, it is ctistoraary to burn weekly in 
the dormitories a candle containing sulphur. 

Moist sulphur dioxide will turn blue litmus red, and will 
bleach many colouring matters. It is easily soluble in water, 
and the solution has the same acidic and bleaching properties. 
When sulphur dioxide dissolves in water, combination occurs, 
and an unstable compound called sulphurous add, HaSOs, is 
formed— 

HaO + SOa = HaSOj. 

Chemists have attempted to get this substance out of the 
solution, but have always failed. If the solution is boiled, \ 
the sulphurous acid splits up again and sulphur dioxide is 
given off. 

Sulphur dioxide can be liquefied without much difficulty; 
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you will see the liquid in a glass bottle fitted with a metal 
valve. If the valve is loosened, sulphur dioxide gas comes 
off, while if the bottle is inverted liquid sulphur dioxide can 
be run out. 

Sulphurous acid, HaSOj.—Although this acid is not 
known in the pure state, as mentioned above, yet its salts, 
the sulphites, are fairly stable and can be obtained in the 
solid state. Sulphurous acid is a weak acid, but is stronger 
than carbonic, for when its solution is poured upon a car¬ 
bonate effervescence takes place, carbon dioxide is evolved, 
and a solution of a sulphite is left— 

e.g. Na 2 C 03 + H 2 SO 3 = r?a 2 S 03 H 20 -j- CO 3 ^ • 

The only sulphite you are likely to meet with is sodium 
sulphite, Na^SOs, which is a white crystalline solid. It can be 
made in the way just described, or by passing sulphur dioxide 
into caustic soda solution— 

2NaOH + SO* = Na^SOa + H^O. 

[Cf. 2NaOH + COa = NaaCOs + HjO, and note that 
sulphur dioxide, like carbon dioxide, is absorbed by caustic 
soda solution.] 

The sulphites, like the carbonates, effervesce when a dilute 
acid is poured upon them, sulphur dioxide coming off— 

NsaSOa 4- H 2 SO 4 = Na2S04 + H-aO + SO*. 

KaSO, + 2HNO, = 2 KNO 3 + HaO + SO,. 

CaSOa + 2Ha = CaCi, + HjO + SO,. 

Sulphurous acid is a good reducing agent, since it is easily 
oxidized to sulphuric acid— 

H,SOs + oxygen = H 2 S 04 . 

Moist sulphur dioxide naturally behaves in the same way. 
Examples .— 

(i) Sulphur dioxide when passed into chlorine water re¬ 

duces the chlorine to hydrochloric acid— 

Cl, + SO, -t- 2 H 2 O = 2HC1 + H 3 SO 4 
(or Cl, H” HaO 4* HaSO, = 2HC1 -|- H 2 SO 4 ). 

(ii) Sulphur dioxide reduces an acidified potassium di¬ 

chromate solution, the colour of the liquid changing 
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from the orange of the dichromate to the green of the 
chromium salt— 

^2Cr207 -j- SHjO -j- 3SO2 H2SO4 

K2SO, + Cr^iSOOs + 4H2O. 

For the action of sulphur dioxide upon hydrogen sulphide, 
see p. 298. 

Bleaching Action of Sulphur Dioxide .—^That the fumes of 
burning sulphur can be used for bleaching was known to the 
Romans, for Puny, who was killed in the great eruption of 
Vesuvius which overwhelmed Pompeii in a.d. 79, mentions 
the fact in his Natural History. Nowadays, sulphur dioxide 
is used for bleaching delicate fabrics—silk, wool and straw— 
which would be rotted by chlorine. The colouring-matter is 
reduced to a colourless substance, while the moist sulphur 
dioxide is oxidized to sulphuric acid. The colourless sub¬ 
stances formed in sulphur dioxide bleaching are usually ^ 
easily oxidized back to the coloiiring-matter again, especially 
in the presence of sunlight. Hence, straw hats, which are 
light in colour at the beginning of the season, have usually 
gone quite yellow by the end. 

Formula for Sulphur Dioxide. —The apparatus employed 
is the same as that used in 6nding the formula of carbon 
dioxide (p. 328).* Sulphur is placed on the boat and ignited 
by passing a current through'the platinum wire. After the 
action is over it is found that the volume of sulphur dioxide 
formed is equal to that of the oxygen in which the sulphur * 
was burnt. 

Hence, 1 vol. of sulphur dioxide contains 1 vol. of oxygen, 
by Avogadro’s Hypothesis— 

1 molecule of sulphur dioxide contains 1 molecule of oxygen. 

But the molecule of oxygen is O*. 
formula for sulphur dioxide is S,0,. 

To find X, take the V.D. This is fotmd to be 32, M.W. = 
64. Of these 64 parts 32 are oxygen, 32 are sulphur, f 
But A.W. of sulphur = 32, x = 1, and— 

Formula — SO,. 
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Sulphur trioxide, SO 3 , is a white crystalline solid made 
by passing a mixture of sulphur dioxide and oxygen over 
heated platinized asbestos, wt^ich acts as a catalyst— 

, 2SO3 + O, = 2803- 

It is a very hygroscopic substance, and dissolves in water 
with a hissing noise, forming sulphuric acid, HjSO*, of which 
it is therefore the anhydride. 

Sulphuric acid, HjS 04 , is not only very important in the 
laboratory ; it is also the most important chemical of 
commerce. It is used directly or indirectly in practically 
every art and trade. Nearly 14,000,000 tons are produced 
annually. 

Manufacture of Sulphuric Acid. 

1. Lead-Chamber Process. —In this process a hot mixture 
«of air and sulphur dioxide, containing also oxides of nitrogen, 
has a fine spray of water projected into it, when sulphuric 
acid is formed. Nitric oxide acts as an oxygen-carrier, 
combining with atmospheric oxygen, and handing it on to 
the sulphur dioxide, thus forming sulphur trioxide, which is 
immediately converted by the water present into sulphuric 
acid. The nitric oxide is regenerated— 

(i) NO + JOj (from air) = NOj. 

(u) H,0 -H- SO 3 4- NO, = HjSO* + NO. 

(hi) NO + ^O, = NO,. 

The above equations show that there Is no loss of nitric 
oxide in the operation ; from this point of view, therefore, 
nitric oxide may be said to act as a catalyst in the reaction. 

The sulphur dioxide required for the process is obtained 
by roasting iron pyrites, FeS,, in a current of air. The gas 
issuing from the pyrites burners contains about 7 per cent, 
of sulphur dioxide, 83 per cent, nitrogen, and 10 per cent. 

,oxygen. A small supply of oxides of nitrogen is now fed 
into the gas, to make up for the inevitable sh'ght losses of 
these substances which occur in working. The oxides of 
nitrogen are prepared by the catalytic oxidation of ammonia 
by means of heated platinum in the presence of oxygen; 
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they were formerly prepared by the action of concentrated 
sulphuric acid upon nitre. 

The mixture of air, sulphur dioxide, nitrogen, and small 
amounts of oxides of nitrogen now passes up the Glover 
tower, which is made of brickwork lined with lead, inside 
which again is another lining of fireproof bricks. The tower is 
packed with acid-proof tiles, and down it trickles a mixtxire 
of (a) dilute “ chamber ” acid (65 per cent. H 2 S 04 ) and (6) 
concentrated sulphuric acid (containing dissolved oxides of 
nitrogen) from the Gay-Lussac tower at the other end of the 
plant. As the hot gases pass up the Glover tower (i) they 
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Fio. 83.—Diagram of Sulphuric Acid Plant. 


are cooled to the proper temperature for reaction, (ii) they 
take up the necessary oxides of nitrogen by driving these out 
from the descending acid (remember that the oxides of nitrogen 
previously introduced are only to make, up for loss \ the main 
quantity of these oxides is taken up in the Glover tower), and 
(iii) they concentrate the acid which flows down the tower. 

After the gases leave the Glover tower, they pass into a 
series of lead-chambers, where the main portion of the sul¬ 
phuric acid is formed. (Some is formed in the Glover tower.) 
A fine spray of water is blown into the chambers from the^ 
roof and sides, and “ chamber acid ” collects on the floor, 
whence it can be drawn off. Chamber acid is never allowed 
to reach a concentration of more than 70 per cent. HgSO., 
since stronger acid would dissolve the lead of the chambers. 
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The number and size of the chambers are so arranged that 
the conversion of sulphur dioxide into sulphuric acid is prac¬ 
tically complete by the time the gases leave the last chamber. 
The residual gases consist chiefly of nitrogen and oxides of 
nitrogen. To recover the latter the Gay-Lussac tower is 
used. This is filled with acid-proof tiles, down over which 
a stream of cold concentrated sulphuric acid flows. This dis¬ 
solves the oxides of nitrogen, probably forming a compound 
with them, while the nitrogen passes on into the chimney 
stack. The acid from the Gay-Lussac tower is then returned 
to the Glover tower, in which it loses its oxides of nitrogen 
as already described. 

SuMlIABY OF THE LeaD-ChAMBER PkOCES 3 . 

Materials .— (i) Air. 

, (ii) Sulphur dioxide (by burning pyrites, FeSa). 

(iii) Spray of water. 

(iv) Oxides of nitrogen (to act as catalyst). 

Used over and over again. 

Passage of Oases .— 

Pyrites Burners -► Glover Tower 


a little 
nitric oxide 


Chimney < -Gay-Lussac Tower -Lead Chambers 

Stack 
(nitrogen) 

Sulphuric acid. 

Vse of Various Parts of Plant .— 

(i) Pyrites Burners—formation of sulphur dioxide. 
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[(ii) Apparatus for catalytically oxidizing ammonia, to 
provide oxides of nitrogen to make up for working 
losses.] 

(iii) Glover Tower—introduction of oxides of nitrogen, 

which have been dissolved in cone, sulphuric acid 
in the Gay-Lussac tower. 

(iv) Lead Chambers—formation of sulphuric acid. 

(v) Gay-Lussac Tower—absorption of residual oxides of 
nitrogen in cone, sulphuric acid, which is then 
pumped to the Glover Tower. 

Concentration of the Chamber Acid .—The chamber acid 
(65-70 per cent.) is concentrated by passing it in a fine spray 
down a tower (the Gaxllard tower), made of acid-resisting 
lava, through which a current of hot gas from a coke furnace 
passes in the opposite direction. An acid of 92-97 per cent, 
strength collects at the base of the tower. 

Another method of concentration is to blow a stream of 
hot air over the dilute acid contained in silica pans. 

2. Contact Process. —^This consists in making sulphur 
trioxide according to the catalytic process already described 
(p. 305), and then forming sulphuric acid by acting upon the 
sulphur trioxide with water— 

SO3 -|- HjO = H3SO4. 

There are several different modifications of this process in 
use. One of the chief is as follows : Sulphur dioxide from, 
pyrites burners, mixed with excess of air, is passed into cham¬ 
bers called “ scrubbers ” ; into these chambers jets of steam 
are blown, when each particle of dust in the gases becomes the 
centre of a tiny drop of water. These drops of water are 
allowed to settle and the purified gas is passed through coke 
soaked in strong sulphuric acid, where it is dried. This 
preliminary purification is necessary, as the dust contams 
arsenious oxide, AsjOa, amd .other substances which woxild^ 
“ poison ” the catalyst (i.c. stop its action). 

The pine dry gas, consisting of sulphur dioxide and excess 
of air, is now passed through a series of tubes containing the 
catalyst, which consists of platinized asbestos, that is, asbestos 
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which has been soaked in platinum chloride solution and then 
strongly heated, when the platinum chloride loses its chlorine 
and the platinum is left in a state of extremely fine division 
throughout the asbestos. In these tubes the reaction occurs. 
iHeat is given out during the reaction,-rfo that when it has been 
started by external heat it proceeds automatically, the rate 
of flow of the gases through the tubes being regulated in such 
a way that the heat evolved is just sufficient to keep the 
temperature at 400-450*. 



Fio. 84.—Diagram of the Contact Process. 
A. Ring of gaa burners. B. Catalyst. 


The sulphur trioxide so produced is absorbed in 98 per 
cent, sulphuric acid in a large vat, water being run in at the 
same time at such a rate that the concentration of the acid 
in the vat remains constant at 98 per cent. When the vat 
is nearly full, the water may be turned off and the concen¬ 
tration of acid raised to 100 per cent. If sulphur trioxide is 
still passed in, it dissolves in the 100 per cent, acid, and forms 
fuming sulphuric acid or oleum, a solution of the trioxido in 
sulphuric acid. 
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At first, attempts were made to dissolve the sulphiir tri¬ 
oxide in water directly, but this produced a mist of sulphuric 
acid which filled the works and proved extremely unpleasant 
to the workmen ; moreover, much of the trioxide was con¬ 
verted into a glassy Modification which dissolves in water 
much more slowly than the ordinary form. 

Comparison of Lead-chambcr and Contact Processes. —The 
lead-chamber process is the cheaper of the two, but gives a 
less pure acid. As for many purposes sulphuric acid need not 
be very pure, “ chamber ” acid still has a wide sale. At 
’ the present day, “ contact ” acid is mainly employed in 
the manufacture of explosives and dyes (especially indigo), 
and also in certain processes with food-materials such as 
beer. The sulphur dioxide for the contact process is fre¬ 
quently obtained by the combustion of sulphur instead of the 
roasting of pyrites. 

PnorERTiES. —Sulphuric acid is a colourless oily liquid) 
which can be frozen to a white crystalline solid melting at 10‘5°. 
Ordinary “ concentrated ” sulphuric acid contains about 
3 per cent, of water. A very characteristic property of 
sulphuric acid is its great avidity for water ; so much heat is 
evolved when the two are mixed that in diluting the acid 
the latter must always bo added to the water, and never 
water to the acid. Addition of water to concentrated sulphuric 
acid might cause the first few drops of water to be converted 
into steam, the expansion of which would scatter the acid 
explosively. 

The great attraction which exists between sulphuric acid 
and water makes it an excellent drying agent for gases 
{except ammonia, with which it combines to form ammo¬ 
nium sulphate ; hydrogen sulphide, which it oxidizes to 
sulphur ; and nitric oxide, acetylene and ethylene, which it 
absorbs). 

Sulphuric acid will often remove the elements of water from 
substances containing them ; thus it chars moist sugar— ( 

= 12 C + llHaO, 

leaving a black mass^ of carbon. Paper, (CeHioOs)n> is simi- 
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larly charred, while alcohol, C*H$OH, is converted into 
ethylene, CaH 4 — 

C,H,OH = C,H4 + HaO. 

It is a dibasic acid, and forms two series of salts, e.g, with 
^sodium it forms sodium hydrogen sulphate^ NaHS 04 , and 
normal sodium sulphate, Na 2 S 04 - 

When passed through a red-hot silica tube sulphuric acid 
is split up into water, sulphur dioxide, and oxygen. 

Questions 

1. What does the word ** sulphur mean T Why is it an appro¬ 
priate name for the element ? 

2. How does sulphur occur in nature ! 

3. How is sulphur extracted and refined ? 

4. Define allotropy and mention examples of the phenomenon. 

5. How would you prepare (a) plastic sulphur, (6) monoclinic sul¬ 
phur ? 

* 6.'Describe the preparation and properties of hydrogen sulphide. 

7« Upon what evidence is the formula H^S given to hydi'ogen 
sulphide ? 

8. Write equations for the action of hydrogen sulphide upon solu¬ 
tions of the following salts: (a) lead nitrate, (b) mercuric nitrate, 
(c) bismuth chloride, (d) copper chloride, (e) cadmiiim nitrate, (/) 
arsenic chloride, (g) antimony chloride, (A) stannous chloride, (A) stau- 
nic chloride, (1) sodium carbonate. 

9. What is the action of hydrogen sulphide upon (a) chlorine water, 
(6) bromine water, (c) sulphur dioxide ? 

10. How would you dry hydrogen sulphide T 

, 11* Describe the preparation and properties of sulphur dioxide. 

12. Contrast the bleaching action of chlorine with that of sulphur 
dioxide. 

13. Upon what evidence is the formula SO, assigned to sulphur 
dioxide } 

14. Describe the lead-chamber process for the manufacture of sul¬ 
phuric acid.' 

15. Describe the contact process for the manufacture of sulphuric 
acid. 
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Carbon and silicon are two non-metallic elements which 
are put by chemists in the same family. There are several 
other elements in this family, of which the chief are tin and 
lead. AH the members of the family have a valency of four, 
i.c. they are quadrivalent. Occasionally they may be bivalent 
as well. We shall see that carbon and silicon form compounds* 
which are in many ways similar to one another, but carbon is 
a very remarkable element. It forms an enormous number of 
compounds—at least three-quarters of a million—which, while 
they are all more or less closely related, differ markedly in 
many ways from compoimds of all other elements. For this 
reason, the study of carbon compounds has been made into 
a special branch of chemistry, called organic chemistry. 
The name “ organic ” refers to the fact that most of the 
substances which can be obtained from living or dead 
organisms —plants or animals—are carbon compounds, and 
it was at one time thought that these “ organic compounds ” 
could not be made in the laboratory, and did not obey the 
ordinary chemical laws. This we now know to have been a 
mistake, but the name is still retained. The chemistry of 
the compounds of other elements is called inorganic chemistry, 
and in a course of inorganic chemistry we usually study 
carbon itself and a few of'its simpler compoimds. In thi^ 
book we shall consider not only these simple carbon com¬ 
pounds but also a few of the more complicated ones such as 
starch, sugar, alcohol and soap. 
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Carbon 

Symbol: C ; Valency : 4 (very rarely 2) ; Atomic Weight : 

12 . 

Occurrence.—Vast quantities of more or less impure 
,carbon occur naturally as coal, which consists of fossilized 
remains of ancient plants. The diamond is a crystalline form 
of carbon, while graphite or “ black lead ” is also crystalline, 
but the crystals are not the same shape as those of the 
diamond. Carbon compounds are very widely distributed in 
large quantities. Thus there are the metallic carbonates 
(salts of carbonic acid, HjCOg), the chief being calcium carbon¬ 
ate, CaCOg, which is found as lirnestone, chalk, marble, etc., 
and dolomite (of which the Dolomitic Alps are largely com¬ 
posed). a double carbonate of magnesium (MgCOa) and cal¬ 
cium (CaCOj). Other carbonates occur in smaller quantities. 

> In the air, carbon is always present as carbon dioxide, 
COj, which forms about 0-03-0-04 per cent, of the atmosphere 
by volume and is of vital importance to plant life (see p. 353). 
Petrol and petroleum, two essentials of modern civilization, 
are compounds consisting of carbon and hydrogen only ; such 
compounds are called hydrocarbons. The “ natural gas ” 
which comes off from gas-wells in various parts of the earth 
also consists of mixtures of hydrocarbons. 

Carbon is the principal constituent of all living matter, 
and we shall see later that there is a continuous circulation 
“bf it from the atmosphere into the bodies of plants and 
animals and thence back again into the atmosphere—a circu¬ 
lation the necessary energy for which is derived from sunhght. 

Properties.—Like oxygen and phosphorus and many 
other elements, carbon has the power of existing in aUotropic 
forms (see pp. 202 and 292). Two of these are crystalline, 
viz. diamond and graphite, while the other is generally, though 
mcorrectly, described as amorphous, or non-crystalline. All 
three forms are of great importance to mankind, but chemic¬ 
ally the diamond and graphite are comparatively uninteresting. 

To show that all three forms of carbon consist of the same 

element, and nothing else, we can make use of the facts (a) 

i. 
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that when carbon is heated in air or oxygen it burns, forming 
carbon dioxide, and (6) that carbon dioxide is absorbed by 
caustic potash or soda solution (p. 383). If, therefore, we 
take known weights of (i) diamond, (ii) graphite, and (iii) 
pure “ amorphous ” carbon, burn them in a stream of oxygen, ^ 
absorb the carbon dioxide so formed in a weighed solution 
of caustic soda, and so find the weight of the carbon dioxide 
produced, we shall be able to calculate the weight of carbon 
dioxide formed from 1 gram of each of the three aUotropic 



Fio. 85._Apparatus to show that Diamond, Graphite and Amorphous 

Carbon are all allotropic forms of the same element. 

forms. Experiments on these lines have shown that (i) from 
1 gram of diamond we get 3-67 grams of carbon dioxide, 
(ii) from 1 gram of graphite we get 3'67 grams of carbon 
dioxide, and (iii) from 1 gram of amorphous carbon we get 
3-67 grams of carbon dioxide, ajid nothing else in any one of 
the three cases. Hence all three substances are nothing but^ 
aUotropic forms of the same element. The principle of the' 
experiment is iUustrated diagrammaticaUy in Fig. 85. To 
get accurate results in practice the apparatus has to be modi¬ 
fied considerably. 

The weighed diamond or graphite or amorphous carbon la 
placed in a clean, dry, weighed porcelain boat A, and heated 
in a current of pure dry oxygen. The carbon dioxide ia 
absorbed in the weighed bulbs B, which contain caustic soda 
solution. A calcium chloride tube C, weighed with the bulbs' 
B, is provided to prevent loss of moisture from B. As the 
bulbs are originaUy weighed fuU of air, after the combustion 
is over the oxygen in the apparatus must be swept out with 
a current of dry air. 
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Diamond. 

The diamond has been prized as a gem from time im« 
memorial. It is found inmanypartsof the world, particularly 
South Africa, Brazil, and Australia. In South Africa diamonds 
occur in a blue clay, which is mined, exposed to the air for 
some months so that it may fall to a powder, and then stirred 
up in a stream of water. In this way the lighter particles 
are carried away, and the diamonds and heavier particles 
remain. The concentrated earth is then washed over a layer 
of grease, to which the diamonds stick, and from which they 
can afterwards be picked out by hand. The largest diamond 
ever discovered was the Cullinan (Transvaal, 1905). Before 
cutting it weighed 3,025| carats, or over a pound and a 
quarter (i carat = 0*2054; gm.). Colourless diamonds are the 
most valuable ; the “ black diamonds ” (carbonado) are used 
for making glass-cutters, etc., and for cutting and polishing 
the colourless stones. 


The specific gravity of the diamond is 3*5, and it is the 
hardest substance known. It is very unreactive chemically. 
Acids have no effect upon it, but if it is heated to about 800® 


in the air it takes fire and burns brilliantly, forming carbon 
dioxide C + O, = CO. 


It is thought that diamonds have been formed in the earth 
by the crystallization of carbon from its solution in iron, or 
perhaps in a silicate (p. 349), possibly under great pressure. 

'Attempts to make diamonds artificially have not been very 
successful, though small ones may have been obtained by the 
great French chemist Moissan. 


Graphite. 

The name “ graphite ” was given to this substance on 
account of its use as a writing material (Greek grapho, I write). 
It was called plumbago or blacklead possibly because, like lead, 
it will mark paper, or because it was supposed to be a lead 
compound. It was not until 1800 that graphite was shown 
to be merely a crystalline form of carbon. Graphite occurs 
in large quantities in many different places : Bohemia, Ceylon, 
Siberia and California are the chief. 
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At Niagara it is prepared by heating coke with a little sand 
and pitch in an electric furnace for about 24-30 hours. In 
a finely powdered state it is used as a lubricant, and also to 
protect iron and steel {e.g. fenders, stoves and grates) from 
rust. Another important application of graphite is in the 
manufacture of pencils. The “ lead ” in pencils is made of 
powdered graphite mixed with clay. 

Graphite forms shiny black crystals which feel greasy to 
the touch. It is a reasonably good conductor of heat and 
electricity, and is very unreactive chemically. 

“ Amorphous ” Carbon. 

Coal.—Coal has been formed by the decay of plant remains 
in the absence of air and under high pressure. There are 
several different varieties of coal, the composition of some 
of which is roughly given in the following table : 


Variety. 

Carbon, 
per cent. 

Hydrogen, 
per cent. 

Kltrogeo 
and Oxygen, 
per cent. 

Ash. 

per cent. 

• • • • > 

60 

5 

30 

6 

Bituminous coal. . . | 

80 

5 

: 12 

3 

Cannel coal .... 

83 

6 

10 

2 

Anthracite .... 

93 

3 

2 

2 


Lignite or brown coal is a fossilized wood, something like 
peat but harder. Bituminous coal is the ordinary house 
coal. It is composed of the remains of flowerless plants which 
flourished in an amazing manner in the Carboniferous Age. 
These plants are now represented on the earth only by insig¬ 
nificant descendants such as the ferns and horse-tails. Cannel 
coal is so called because a piece of it if lit will burn like a 
candle. It is chiefly used for making coal-gas. Anthracite 
is a hard coal which may contain as much as 97 per cent, 
of carbon. It is used for heating boilers (hence the name 
steam-coal) and also in anthracite stoves. 

Distillation of Coal. —^When coal is heated in iron retorts 
in absence of air, four main products are formed : 
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(i) Coke (left in the retorts). 

(ii) A watery liquid called the ammoniacal liquor. This 
contains ammonia, and is the source of much of the ammonium 
sulphate of commerce. 

(iii) Coal-tar. 

(iv) 0>al-gas. 

(i) Coke. —This consists chiefly of carbon (about 80 per 
cent.). It is used as a fuel and as a source of gaseous fuels 
(p. 348). It is also employed in obtaining metals from their 
ores {e.g. iron, p. 414). 

(ii) Ammoniacal Liquor. —For treatment of this liquid 
see p. 257. 

(iii) Coal-tar. —Tar is a black liquid containing many 
important substances, such as benzene (“ benzol ”), toluene 
(“ toluol ”), naphthalene (of which “ moth-balls ” are made), 
and phenol or carbohc acid. It is re-distilled, and as its 
chief constituents have different boiling-points they can be 
separated by collecting the distillate in various fractions. 
Benzene is important as a motor-fuel, and it and the other 
substances in coal-tar are converted by chemists into dyes 
(aniline dyes, etc.), explosives, drugs, and many other pro¬ 
ducts of the greatest value. It is not too much to say that 
practically every industry and art in the country depends 
to some extent upon substances made from coal-tar. 

(iv) Coal-gas. —The crude gas which passes on -from the 
receivers in which the ammoniacal liquor and tar are con¬ 
densed is purified in chambers tailed “ scrubbers ” and 
*■ purifiers,” and is then stored in large chambers called 
gasometers. It consists chiefly of hydrogen, methane or 
marsh-gas (p. 333), and carbon monoxide (p. 329). The 
proportions by volume are shown in the table : 


Gas. I Volume perceotage. 

Hydrogen.i 430—55-0 

Methane (CH,).| 25 0—35-0 

Carbon monoxide (CO).i 4-0—11*0 

Other gases. 4-5—21-5 
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Hydrogen, methane and carbon monoxide all burn irith 
non-luminous flames. The luminosity of ordinary coahgas 
flames is due to the presence in the gas of traces of acetylene 
(CaHj), benzene (CeH,), and ethylene (C 2 H 4 ), all of which 
burn with luminous flames. 

Coal-gas is supplied to consumers under a pressure of about 
4 inches of water more than atmospheric pressure. This is 
very wasteful, and some companies are now supplying it at 
much higher pressures, thus giving a better service, and also 
doing away with the necessity of bulky and unsightly gaso¬ 
meters. When the gas is under high pressure the gas-mains 
themselves are quite large enough to store the whole 
quantity required. 

$oal-gas used to be sold on the basis of so much per cubic 
foot. Since, however, practically all gas-burners are now of 
the incandescent mantle type, and since gas is very widely 
used as a fuel, it is clear that what the consumer is buying 
is really heating power. Hence gas is now sold at so much 
per therm, a therm being a measure of heating-power, viz. 
the amount of heat required to raise the temperature of 
100,000 lb. of water through 1® Fahrenheit, or 100,000 British 
Thermal Units. If the heating value of a gas is stated to 
be 4*5 therms per 1,000 cubic feet, this means that 1,000 
cubic feet of the gas when burnt produce enough heat to 
raise the temperature of 450,000 lb. of water 1® Fahrenheit. 
This method of charging is much fairer than the old way, ^ 
for the heating value of gas may vary very considerably. 

By treating coal with hydrogen under suitable conditions, it 
is possible to obtain petrol. This “ hydrogenation of coal ” 
has enormous commercial possibilities, and may render Europe 
independent of American and Asiatic oil. 

Retort-earbon is a very hard form of carbon deposited as a 
lining on the retorts in gas-works. It is a good conductor of 
electricity, and is used for making the “ carbons ” for arc-^ 
lamps. Soot and lampblack are also forms of amorphous car¬ 
bon. Lampblack contains oil and other substances' as im¬ 
purities. It is used in making printers* ink and for filling 
rubber for motor-car tyres. 
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Animal charcoal or bone-black is a mixture of about 10 
per cent, amorphous carbon and 90 per cent., calcium phos- 
phate {p. 2/9). It is mude by heating bones strongly in 
absence of air. It is used in sugar-reSning, since when 
boiled up with a coloured solution it will often ab- 
sorb the colouring matter and leave the solution colour- ‘ 
less. The brown solution of crude sugar is decolorized in 

this way. 

Wood charcoal is a porous form 
of amorphous carbon made by burn¬ 
ing wood with insufficient air for 
complete combustion {“ charcoal- 
burning ”). It is important in the 
laboratory chiefly on account of its 
remarkable power of absorbing gases. 
Thus 1 c.c. of charcoal ^vill absorb 
nearly 200 c.c. of ammonia at ordin- ‘ 
ary temperature and pressure, and 
almost as much . sulphur dioxide. 
This property has been turned to 
account in “ charcoal biscuits,” 
which are eaten by sufferers from 
indigestion. The charcoal absorbs 
the gases produced by fermentation 
of food in the alimentary canal, and 
thus relieves the patient. 

Pure carbon is made by heating 
pure sugar in air until it is com¬ 
pletely charred, and then reheating the charred mass first 
in a current of chlorine and then in a current of hydrogen. 
The product is called sugar-carbon and is extremely 
pure. 

Chemical Properties of Carbon. —Carbon is not a eery 
chemically active element. If strongly heated in air or 
oxygen it burns, forming carbon dioxide, as previously men- ^ 
tioned. Owing to its affinity for oxygen it is a good reducing 
agent, and will reduce many metallic oxides to metal if heated 
with them, e.g ,— 



Fio. 87.— Absorption of 
Gases by Charcoal. 
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PbO + C = Pb -{- CO (carbon monoxide). 

CuO + C = Cu + CO. 

Fe^O, 4- 3C = 2Fe + 3CO. 

ZnO + C = Zn + CO. 

' In such reductions carbon dioxide may be formed instead 
of, or as well as, carbon monoxide. 

It will also combine directly wth sulphur, if heated in a 
stream of sulphur vapour. The product is carbon disulphide, 
CSa (p. 345)— 

C 82 = 082 , 

Most acids have no action upon it. It will, however, reduce 
hot concentrated sulphuric acid to sulphur dioxide— 

C + 2 H 2 SO 4 = CO 2 + 280* + 2 H 2 O. 

It will not react directly with the halogens, but if carbon 
is heated in a stream of hydrogen under certain conditions 
combination may occur between the two elements, the product 
' being methane (CH4) or acetylene (CjHj). 

Alkalis have no action upon carbon. 

Carbon will not dissolve in any common solvent, but can 
be dissolved in molten iron. 

Compounds of Carbon. 

Oxides of Carbon.—The principal oxides of carbon are 
carbon monoxide, CO (in which the carbon is bivalent) and 
carbon dioxide, C 02 . 

Carbon dioxide, COj.—Carbon dioxide is by far the most 
important compound of carbon. It is a gas, and was dis¬ 
covered by the great chemist of the Netherlands, van Helmont 
(1577-16^), who called it gas sylvestre (“ the wild gas of the 
woods ”). Before van Helmont’s time chemists had not 
troubled much about gases, regarding them merely as impure 
forms of ordinary air. Van Helmont, however, recognized their 
^ importance, and, in fact, invented the word “ gas ” to describe 
\ them. Carbon dioxide was rediscovered in 1754 by Joseph 
Black (p. 449), who called it “fixed air,” and showed 
that it was liberated from chalk by the action of dilute 
acid. 
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Carbon dioxide is always present in the atmosphere, of 
which it forms about 0-03-0-04 per cent, by volume. Millions 
of tons of it are thrown into the air every day, since it is formed 
by the combustion of coal, petrol, wood, and any substance 
containing carbon, as well as in the breathing of animals and 
plants. We might expect, therefore, that its percentage in 
the air would increase, but in practice it is found that this 
does not happen. One reason is that carbon dioxide is the 
chief food of green plants, and is therefore removed from the 
aif in vast quantities. (See p. 353.) 

Besides occurring in the atmosphere, carbon dioxide is 
found dissolved in practically all natural waters, and occurs 
also in wells, caves, and grottos, especially in volcanic regions. 
Being much heavier than air, it collects in these lowdying 
places, and often renders the atmosphere there quite unfit 
to breathe. As carbon dioxide will not support combustion, a 
lighted lamp is used as a test for it in cellars, etc. If the v 
lamp is extinguished the air is so rich in carbon dioxide that 
it would suffocate a man, while if it goes on burning he may 
enter the cellar safely. This test was known to the ancients, 
and is described by Pliny (died a.d. 79) in his Natural 
History. 

Preparation. —Although carbon dioxide is formed when 
carbon is burnt in air or oxygen, it is usually prepared in the 
laboratory by the action of a dilute acid upon a carbonate 
(salt of carbonic acid, HjCOj). Any carbonate and any acid 
will do, but marble and dilute hydrochloric acid are generally ' 
employed. The marble is placed in a Woulfe bottle and the 
gas, which comes off without the application of heat, is dried 
by passing through concentrated sulphuric acid and collected 
by downward displacement (or over mercury)— 

CaCO, + 2HC1 = CaCl, + HjO + CO,. 

We see from this equation that 100 grms. (the G.M.W.) of 
marble (calcium carbonate) yield 22*4 litres of dry carbon' 
dioxide at N.T.P. To get carbon dioxide quickly in the 
laboratory, we generally keep a Kipp’s apparatus (Fig. 88) 
at hand, containing marble and hydrochloric acid. 




Du. JosBpa Black. 

{Ffom a cotUempoTQry CArxaHuf^ ) 
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Some equations for the action of various dilute acids upon 
carbonates are given below : 

Na^COa + H2SO4 = Na^SO^ + H^O -i- CO^. 

NajCO, + 2HNO3 = 2NaNOa + H^O + COj. 

Na^COg + 2HC1 = 2NaCl + H^O + CO 2 . 

MgCOa + 2HC1 = MgCL + HaO + CO^. 

K2CO3 -f HjS 04 = K2SO4 + HaO + COa. 

MnCOa + 2HNOs = MnlNOa), + H^O + CO*. 

CaCOg -j- HjSO^ =i CaSO^ + HaO + COa. 

The last action, that of dilute 
sulphuric acid upon marble, starts 
quite vigorously but soon slows down 
and finally stops altogether. This is 
because the calcium sulphate, CaS 04 , 
which is formed, is insoluble in water 
^ and forms a protective coating over 
the surface of the remaining marble, 
thus preventing the acid from get¬ 
ting at it. 

Carbon dioxide may also be 
formed by strongly heating the car¬ 
bonates of all common metals except 
sodium and potassium. Thus when 
zinc or calcium carbonate is strongly 
heated carbon dioxide is given off 
and the oxide of the metal left— 

ZnCO, = ZnO + COj. 

CaCO, = CaO CO*. 

Commercially, carbon dioxide is 
made by fermenting sugar solution 
with yeast. For details about this 

process see below, p. 341. Another gg_, 

commercial process consists in heat- Apparatua^^ * 

ing limestone, CaCOa (p. 390), in 

special lime-kilns, constructed in such a way that the carbon 
dioxide which is evolved can be collected. 

Pboperties.—V apour Density, 22. Molecular Weight, 44. 
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Carbon dioxide is a colourless gas with a faint but quite dis¬ 
tinct smell. It will not burn and will not support combustion 
or life. It is much heavier than air (V.D. of air = 14-4), and 
is easily liquefied. It is slightly soluble in water at ordinary 
pressure and more so under increased pressure. The solution 
in water is known as soda-water. Carbon dioxide is, indeed, 
the gas in all mineral and aerated water as well as in sparkling 
wines. Solid carbon dioxide, sometimes known as “ dry ice,” 
is used as a refrigerant, e..g. by ice-cream manufacturers. 

Carbonic acid .—When carbon dioxide is dissolved in water 
the solution will turn blue litmus a purplish-red colour— 
it is, in fact, slightly acid. This is due to the fact that part 
of the carbon dioxide combines with water forming carbonic 
acid, H 2 CO 3 — 

H ,0 + CO2 = H2CO3. 

Carbonic acid is a weak acid, and is very unstable; up to 
the present no one has succeeded in isolating it. Its salts, 
however, are quite stable and are well known. They are the 
carbonates and bicarbonates, e.g. NajCOs, sodium carbonate, 
and NaHCOg, sodium bi-carbonate. Most of the carbonates 
are insoluble in water, the chief exceptions to this rule being 
sodium carbonate, potassium carbonate (KjCOs) and ammo¬ 
nium carbonate (NH 4 )jC 03 . All bicarbonates are soluble; 
the principal are those of sodium, NaHCOj, potassium, 
KHCO 3 , and calcium, Ca(HC 03 ) 2 . Sodium and potassium 
bicarbonates can easily be obtained in the solid state. They 
are neutral in solution, and on heating split up into the normal 
carbonate, carbon dioxide and water— 

2 KHCO, = KjCOs + H3O + COa. 

Calcium bicarbonate is soluble in water and also very 
unstable ; it readily decomposes according to the equation— 

Ca(HC 03 )a = CaCO, + H 3 O + CO,. 

It can, however, be obtained in the solid state. 

All carbonates and bicarbonates effervesce when a dilute 
acid is added to them, carbon dioxide being evolved and the 
corresponding salt of the metal left. This, therefore, forms 
a convenient way of making a given salt of a metal. Suppose, 
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for instance, we wanted to prepare calcium nitrate. We 
coiild dissolve calcium carbonate in dilute nitric acid, adding 
BO much that a little was left undissolved. We could then 
filter off the excess and evaporate the clear solution— 

CaCOa + 2 HN 03 = Ca(N 03)2 + H^O + CO^. 

The carbonates of sodium, potassium and ammonium are 
alkaline, in solution, since carbonic acid is such a weak acid. 

To prepare carbonates, we can pass carbon dioxide into a 
solution of the metallic hydroxide if this is soluble, e.g .— 

2NaOH + COa = Na^COa + H^O, 

or, if the desired carbonate is insoluble, we can precipitate 
it by adding a solution of sodium carbonate to a solution of 
a soluble salt of the metal concerned, e.g .— 

Bad, + Na,CO, = BaCO, + 2NaCl. 

Sodium and potassium bicarbonates can be made by passing 
* carbon dioxide into a sojution of the corresponding car¬ 
bonate— 

KaCO, -h H,0 4* CO, = 2KHC0,. 

For calciiim bicarbonate, see below. 

Action of Carbon Dioxide on Lime-water. —We have 
just seen that carbon dioxide is absorbed by caustic soda or 
potash solution, with which it forms either the carbonate or 
bicarbonate according to the amount of carbon dioxide 
passed. A similar reaction occurs with lime-water, which is 
a solution of calcium hydroxide, Ca(OH),. In this case, 
however, the carbonate which is first formed is insoluble and 
comes down as a white precipitate, thus “ turning the lime- 
water milky ”— 

Ca(OH), + CO, = CaCO, 4 -h HjO. 

This reaction, which is very characteristic, is used, as a 
test for carbon dioxide. 

Further passage of carbon dioxide turns the milky liquid 
’ clear again, owing to the formation of calcium bicarbonate, 
which is soluble— 

CaCO, + H,0 -f CO, = Ca(HCO,),. 

On boiling this clear solution, the bicarbonate is decomposed 
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and the carbonate re-precipitated, thus turning the liquid 
milky again— 

Ca(HC03)2 = CaCOj '1' + H^O -h 00^. 

Here we have an example of a reversible, reaction, that is, 

one which will go either way accord¬ 
ing to the conditions. (For other 
examples of reversible action, see p. 
152.) In this connection it may be 
mentioned that the dissociation of 
calcium carbonate into quicklime and 
carbon dioxide is also reversible, for 
when carbon dioxide is passed over 
quicklime calcium carbonate is 
formed— 

CaCOa CaO + CO*. 

If calcium carbonate is heated in a 
closed vessel so that the carbon dioxide 
cannot escape, it is found that an 
equilibrium between the two reactions 
is set up, and that at a given tempera¬ 
ture there is always a definite pressure 
of carbon dioxide. 

Composition of Carbon Dioxide.— 
If a weighed quantity of carbon 
is burnt in oxygen and the weight 
of carbon dioxide produced is found, 
by absorbing the gas in a weighed 
bulb containing caustic soda solution 
and finding the increase in weight, 
the composition of carbon dioxide by 
weight can be calculated. Experi- 
Fio. 89.—Composition ments on these lines have shown that 
o£ Carbon Dioxide. ratio of carbon to oxygen in carbon 

dioxide is exactly 3 : 8. The vapour 
density of the gas is 22, its molecular weight is 44. 
The atomic weight of carbon is 12 and that of oxygen is 
16. Hence the formula for the gets must be COa. 
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Volumetrically the composition of carbon dioxide may be 
determined by burning a piece of carbon in a measured 
volume of oxygen. The apparatus employed is shown in 
Fig. 89. Oxygen is enclosed in the bulb and part of the 
T left limb of the tube, and its pressure is adjusted to the 
atmospheric pressure by altering the position of the right 
limb until the mercury is at the same level in both limbs. 
The carbon, which is on the spoon on the bulb, is ignited by 
passing an electric current through a platinum wire which 
just touches it. The wire becomes red-hot and fires the 
carbon. After the reaction is over, the apparatus is allowed 
to cool, and the mercury again adjusted so that the pressure 
of the residual gas is atmospheric. 

It is found that there is no change in volume. Hence— 

1 volume of oxygen produces 1 volume of carbon dioxide, or 
1 volume of oxygen is contained in 1 volume of carbon dioxide, 
i /. By Avogadro’s Hypothesis (equal volumes of all gases 
' under the same conditions of temperature and pressure con¬ 
tain equal numbers of molecules)— 

1 molecule of oxygen is contained in 1 molecule of carbon 

dioxide. 

But the formula for the molecule of oxygen is O*. 

the formula for the molecule of carbon dioxide is C^Oj. 

To get X, we find the V.D. This is 22 ; therefore the M.W. 
is 44. 

But of these 44 parts we know that 32 are oxygen. 

' /. 12 parts are carbon. 

But the Atomic Weight of carbon is 12, /, x ~ I, and the 
formula is COj. 

Carbon Dioxidb in the Am.—For an account of the 
important part played in plant and animal life by the carbon 
dioxide in the air, see p. 353. 

Carbon monoxide, CO.—When carbon dioxide is passed 
through a tube containing red-hot carbon {e.g. coke), the 
’ following reaction occins— 

C+CO, = 2CO. 

The product, carbon monoxide, is a colourless gas, which will 
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burn with a blue non-luminous flame. As it is insoluble in 
water it may be collected at the pneumatic trough. To make 
sure that it is free from any traces of carbon dioxide which 
might be carried over, it can be passed first through a Drechsel 
bottle containing caustic soda (Fig. 90). 

In the laboratory we generally make carbon monoxide by 
acting upon formic acid (H 2 CO, or H.COOH) or oxalic acid 
/ COOHx 

( HaC 204 or I ) with concentrated sulphuric acid. The 

V coony 

latter is such a powerful reagent that it splits up the formic 
acid or oxalic acid molecules, and possesses itself of the water 



Fio. 90.—Preparation of Carbon Monoxide from Carbon Dioxide. 


which is one of the products in each case. The residue of the 
formic acid is carbon monoxide, and of the oxalic acid a mixture 
of carbon monoxide and carbon dioxide in equal volumes—•, 

(i) H 2 CO 2 =H20 + C0. 

(ii) HjCaO* = H 2 O + CO + CO 2 . 

An apparatus suitable for small scale work is shown in 
Fig. 91. 

Concentrated sulphuric acid is placed in the tap-funnel, 
and the oxalic or formic acid in the flask. On running in the 
sulphuric acid and heating the flask, the gas is evolved. In 
the case of oxalic acid, it is necessary to insert a Drechsel ' 
bottle containing caustic soda solution to absorb the carbon 
dioxide which is evolved. The carbon monoxide is then 
collected over water or, if required dry, over mercury. It 



CARBON AND SILICON 331 

cannot be collected by displacement of air since its V.D. 
is 14, i.e. ^ close to that of air (14-4). 

Carbon monoxide is also formed when a metallic oxide is 
'reduced with carbon, and (mixed with an equal volume of 
hydrogen) when steam is passed over white-hot coke—. 

e.g. (i) ZnO + C = Zn + CO. 

(ii) HjO -|- C = CO + Hj. 

The mixture of carbon monoxide and hydrogen obtained in 
the second of these reactions is known as tvater-gas, and is 
used as a fuel (p. 348). 



Fio. 91.—Preparation of Carbon Monoxide from Oxalic Acid. 


Properties. —Carbon monoxide is a colourless gas with no 
taste or smell. It is insoluble in water, and burns with a 
characteristic blue lambent (“ licking ”) flame, forming carbon 
dioxide— 

2CO + Oa = 2CO,. 

' It is extremely poisonous, as it puts the blood out of action, 
'and thus causes death by a kin d of suffocation. It is insoluble 
in caustic soda solution and will not turn lime-water milky. 

Owing to its inflammability it may easily be mistaken in 
the laboratory for hydrogen, from which, however, it may 






332 


a:n elementary chemistry 

readily be distinguished (a) by the fact that it is scarcely 
lighter than air, and (6) by burning it and testing for carbon 
dioxide afterwards with lime-water. 

Since carbon monoxide can take up oxygen to pass into 
carbon dioxide, it is a reducing agent, and can be made to ^ 
reduce metallic oxides to the metal. 

Composition of Carbon Monoxide. —If a mixture of 2 
volumes of carbon monoxide and 1 volume of oxygen is 
placed in a eudiometer over mercury and sparked, an ex¬ 
plosion takes place and carbon dioxide is formed. On allow¬ 
ing the apparatus to regain the original temperature and 
pressure, it is found that the volume of carbon dioxide pro¬ 
duced is equal to the volume of carbon monoxide started with. 
Hence— 

2 volumes of carbon monoxide + 1 volume of oxygen give 
2 volumes of carbon dioxide. 

by Avogadro’s H 3 qDOthesis— ‘ 

2 molecules of carbon monoxide -1- 1 molecule of oxygen give 
2 molecules of carbon dioxide. 

In other words— 

1 molecule of carbon dioxide consists of 1 molecule of 
carbon monoxide \ molecule of oxygen. 

But the molecule of carbon dioxide is COg, and ^ molecule 
of oxygen is O. 

Formula for carbon monoxide must be CO* — O = CO. 

Carbon Monoxide as a Fuel .—See p. 348. 

Hydrocarbons (Compounds consisting of Carbon and 
Hydrogen only).—Many hydrocarbons, such as petroleum 
and “ natural gas,” are found naturally occurring in the 
earth’s crust, and others, such as acetylene, are known to 
exist in the atmosphere of some of the cooler stars. Marsh- 
gas, or methane, CH^, is formed by the decay of vegetable 
matter in absence of air, and therefore occurs under water 
in marshy places and stagnant ponds and backwaters. It is < 
found also in coal-mines, where it is csXiedi fire-damp. Other 
hydrocarbons such as benzene, CeHe, are obtained by the 
distillation of coal (p. 317). Hydrocarbons are extraordinarily 
important compounds, both chemically and commercially. 
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Altogether there are thousands and thousands of them, but 
in this book we shall deal with only a few of the chief ones, 
viz. methane, ethylene, acetylene, petrol and petroleum, and 
benzene. 

Methane or Marsh-gas, CH*.—^The occurrence in nature 
of this compound has already been mentioned. It is found 
also as one of the constituents of the gases from certain gas- 
wells. Occasionally the bubbles of marsh-gas which come 
off in bogs and marshes take fire, thus producing the pheno¬ 
menon known as will-o'-the-wisp. 

In the laboratory, methane is generally prepared by heating 
a mixture of sodium acetate with caustic soda. Ordinary 



Fio. 92.—Preparation of Methane. 


sodium acetate crystals contain water of crystallization 
(CaHjOjNa.SHjO) ; this is removed by heating before the 
..acetate is used for the preparation of methane, the anhydrous 
salt, C^HgOaNa, being left. Instead of pure caustic soda, it is 
customary to use soda-lime, which is lime that has been 
stirred up with melted caustic soda, the mixture then being 
allowed to cool. In a reaction it behaves like caustic soda, but 
it has two great advantages—(1) it is not deliquescent, and (2) 
it does not melt easily. Caustic soda is very deliquescent and 
readily melts, and molten caustic soda quickly attacks glass. 
I The equation for the action is— 

CgHjOiNa -b NaOH = Na^COa + CHj. 

The apparatus used is shown in Fig. 92. Methane is 
insoluble in water, and hence may be collected at the pneu- 
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matic trough. If required dry it may be bubbled through 
concentrated sulph^iric acid and collected over mercury. 

Methane may also be conveniently prepared by the action 
of water (or dilute hydrochloric acid) upon aluminium carbide, 

AI 4 C,— . r 

Al^Cs + 12H,0 = 4Al{OH), + 3CH,. 

Properties. —Methane is a colourless gas with no taste or 
smell. It is difficult to liquefy, but liquefaction has been carried 
out. Methane is insoluble in water, and burns with a prac¬ 
tically non-luminous flame, forming carbon dioxide and water— 

CH4 + 20a = COa + 2HaO. 

A mixture of methane with air or oxygen in certain pro¬ 
portions will explode if ignited—a reaction which has been 
the cause of many serious accidents in coal-mines. 

A mixture of 1 volume of methane with 2 volumes of 
chlorine will explode if ignited or if exposed to bright^ 
sunlight. The products are carbon and hydrogen chloride— 

CH 4 + 2C1, = C + 4HC1. 

Slow reaction takes place in ordinary daylight. The products 
in this case are methyl chloride (a gas) and hydrogen chloride— 

CH. + CIj = CHaCI + HCl. 

Methyl 

chloride. 

Under suitable conditions, this substitution process may be 
continued until all the hydrogen of the methane has been 
replaced by chlorine— 

(i) CH 4 + Clg = HCl + CH 3 CI, monochloromethane or 

methyl chloride. 

(ii) CH 3 CI + CI 2 = HCl + CHjClj, dichloromethane. 

(iii) CHjCls + Clg — HCl + CHCI 3 , trichloromeihane or 

chloroform. 

(iv) CHCI3 -h Clz = HCl CCL, tetrachlorametkane or car¬ 

bon tetrachloride. 

Methane is a very stable compound, and not very reactive. 
It forms a constituent of coal-gas (see p. 317). 

Composition op Methane. —The composition of methane 



CARBON AND SILICON 335 

may be determined by eudiometry. By taking a known 
volume of methane, adding an excess of oxygen, exploding, 
and measuring the volumes of oxygen left and carbon dioxide 
formed, we can obtain sufficient data to enable us to calculate 
the formula. Thus, in an experiment— 

27-5 c.c. of methane were mixed with 60 c.c. of oxygen, 
and the mixture exploded. After the apparatus had regained 
the original temperature and pressure it was found that the 
residual gases occupied 32*5 c.c. These gases were the 
carbon dioxide formed, together with the unused oxygen. 
On addition of caustic soda solution a decrease in volume 
occurred, due to absorption of the carbon dioxide. The 
residual gas, namely, the excess of oxygen, occupied 5 c.c. 
[As the experiment was done at ordinary temperature, the 
water vapour produced condensed to liquid water, whose 
volume, in comparison with that of the gases, is so small that 
4 it may be left out of account.] From these figures we can 
calculate the formula of methane. 

The residual oxygen + carbon dioxide formed = 32*5 c.c. 
But residual oxygen — 5*0 c.c. 

vol. of carbon dioxide formed = 27-5 c.c. 


Hence, 27*5 c.c. of methane gave 27*5 c.c. of carbon dioxide, 
or 1 volume of methane would give 1 volume of carbon dioxide, 
by Avogadro’s Hypothesis, 1 molecule of methane would 
^give 1 molecule of carbon dioxide. But 1 molecule of carbon 
dioxide contains 1 atom of carbon, 1 molecule of methane 
contains 1 atom of carbon. 

Now 60 c.c. of oxygen were taken and 5 c.c. were left ; 
hence 55 c.c. must have been used. But 27-5 c.c. of methane 
would require only 27-5 c.c. of oxygen to convert the carbon 
in it to carbon dioxide (from above). 55 — 27-5, i.e. 
27-5 c.c, of oxygen must have been used to burn the hydrogen. 
* In other words> 1 volume of methane requires 1 volume of 
oxygen to convert the hydrogen in it into water, 
by Avogadro’s Hypothesis— 

1 molecule of methane requires 1 molecule of oxygen to 
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burn its hydrogen. But the molecule of oxygen is Oj, and 
each oxygen atom wiU combine with 2 hydrogen atoms. 

1 molecule of oxygen will burn 4 atoms of hydrogen. 

Thus we see that 1 molecule of methane contains 1 atom 
of carbon and 4 atoms of hydrogen. ' 

Formula for methane = CH 4 . 

C 2 H 4 .—This gas does not occur free in nature, 
but is contained in small proportion in coal-gas (see p. 318). 
It is prepared in the laboratory by heating aicohor(p. 343) 
with concentrated sulphuric acid. As we saw when dealing 
with carbon monoxide (p. 330), sulphuric acid often causes 
great perturbation in organic compounds and causes them to 
split up. With alcohol—a typical organic compound—this is 
just what takes place. The alcohol decomposes into ethylene 
and water and the sulphuric acid greedily seizes the latter^ 
It is, of course, quite wrong to say that the sulphuric acid 
“ takes water out of the alcohol,” for pure alcohol contains * 
no water. It contains hydrogen and oxygen, but that is a 
different matter. 

The equation for the action is 

C^H.O == C 2 H 4 + H,0. 

Alcohol. Kthylene. 

It appears, therefore, that a small quantity of sulphuric 
acid should be able to convert quite a large quantity of alcohol 
into ethylene and water, and this conclusion is borne out in 
practice. 

The apparatus employed for the reaction is shown in Fig. 93. 

A mixture of alcohol and sulphuric acid is placed in the 
ffask, and more alcohol can be run in, as desired, from the tap- 
funnel. The gas may be collected over water. As it usually 
contains sulphur dioxide and carbon dioxide as impurities, it 
is well to pass it through a Drechsel bottle containing caustic 
soda solution before collecting it. 

To dry ethylene it should be passed through a calcium ^ 
chloride tube and ru>i through concentrated sulphuric acid, 
which, when cold, slowly absorbs it. 

Properties. —Ethylene is a coloxirless gas with a sweetish 
taste and smell. It burns with a luminous ffame, and yields 
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an explosive mixture with air or oxygen. One of its most 
characteristic properties is that it will combine directly with 
bromine or chlorine, forming colourless oils, ethyl&ne dibromide 
and ethylene dichloride — 

(i) CgH. + Br, = CjH.Bra. (ii) + Cl^ = C^H.Cl,. 

(Contrast action of chlorine upon methane, p. 334.) 

These substances are called addition compounds. Com¬ 
pounds, like ethylene, which will form addition compounds, 
are called unsaturated {e.g. ammonia, which “ adds on ” hydro¬ 
chloric acid—NH, + HCl = NH*C1. See p. 267). 



Fio. 93.—Preparation of Ethylene. 


Composition of Ethylene. —The composition of ethylene 
like that of methane, can be found by eudiometry. Calcu¬ 
late the formula for ethylene from the following data— 

(i) Vol. of ethylene taken = 30 c.c. 

(ii) „ „ „ + oxygen added = 131 c.c. 

(iii) „ after explosion, 

i.e. vol. of carbon dioxide+excess of oxygen = 71 c.o. 

(iv) Vol. after addition of caustic soda solution, 

t.e. vol. of oxygen left over = 11 c.c. 

(Volume of water formed may be neglected.) 
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Acetylene, CjHa.—This is the well-known gas made by 
the action of water upon calcium carbide— 

CaCa + 2HaO = Ca(OH)a + CjHa. 

Prepared in this way it is slightly impure. When pure 
it has a sweetish smell, not unlike that of ethylene and not 
at all objectionable. 

Acetylene is a colourless gas, insoluble in water. It burns 
with a very smoky flame unless special burners are used, 
designed to supply plenty of air to the flame. From these 
burners it is delivered either as a fine jet or as a thin sheet, 
and then burns with an intensely hot and brilliant flame. 
The flame of acetylene burning in oxygen is as hot as the 
electric arc (about 3,500° C.), and is used for welding and steel¬ 
cutting {oxy-acetylene fiame). Acetylene is extremely valuable 
commercially as the “ r^w material ” for the manufacture of 
many important carbon compounds. 

A mixture of acetylene and oxygen explodes with great 
violence when ignited : this experiment must on no account 
be attempted in the laboratory— 

2CaH, + 50, = 4CO, + 2H,0. 

Composition of Acbtyi.enb. —This is determined by eu- 
diometry. Calculate the formula for acetylene from the 
following data— 

(i) Vol. of acetylene taken = 10 c.c. 

(ii) „ ,, oxygen added = 33 c.c. 

(iii) Vol. of gases left after explosion, 

i.e. carbon dioxide + unused oxygen = 28 c.o. 

(iv) Vol. after addition of caustic soda solution, 
i.e. vol. of unused oxygen = 8 c.c. 

(Volume of water formed may be neglected.) 

Petrol and Petroleum are liquid hydrocarbons very similar 
to methane in their chemical properties. Unlike ethylene (and 
acetylene) they will not form addition compounds. Petroleum^ 
is supposed to have been formed by the decay, under great pres¬ 
sure, of the bodies of countless m 3 nriads of minute sea-organ¬ 
isms. It is a mixture of many hydrocarbons which, as they 
have different boiling-points, can be separated by distilling the 
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petroleum and collecting the distillate in various fractions. The 
low boiling-point fractions are petrol, the middle ones paraffin 
oil, and the high boiling-point fractions include vaseline, etc. 

The importance of petrol and paraffin as fuels for motors 
'^and other engines need not be emphasized here. When 
burnt, they are converted into carbon dioxide and water. 

Benzene (known to the public as “ benzol ” and not to 
be confused with “ benzine ” which consists of liquid hydro¬ 
carbons similar to methane) has the formula CgH«, and is 
obtained by the distillation of coal-tar, of which it forms one 
of the principal constituents. It is a colourless voIatUe liquid 
which burns with a smoky flame, and is extensively used as a 
solvent and as a fuel for motors. It is also employed on the 
large scale for conversion into aniline (C 6 H 5 .NH 2 ), which is 
the parent substance of thousands of beautiful dyes. 

Starch, Sugar, Alcohol and Soap.—These are four 
f common and important organic compounds with which every 
one is (or should be !) familiar. Their chemistry is rather 
complicated; even the most expert chemists do not yet 
know the composition of the starch molecule. However, 
we can gather some simple Information about them, quite 
enough for our present purpose. 

Starch.—Starch is the chief reserve food-material of green 
plants. It is usually obtained from potatoes, but it is found 
in large quantities in artichokes, wheat, barley, rye, oats, 
«peas, beans, and other plants. It is present in the plant 
cells in the form of small grains (see Fig. 94), and the 
process of extracting it consists merely in crushing or cutting 
up the tissues of the plant so as to break the cell-walls. 

The pulp so obtained is mixed with water and the mixture 
filtered through sieves whose mesh is large enough to allow 
the starch granules to pass through but sufficiently small to 
retain the debris of the plants. On allowing the turbid liquid 
pi settle, the starch forms a layer at the bottom from which 
ihe bulk of the water can be poured or siphoned off. The 
starch is then dried at a gentle heat, and when dry is broken 
up into small pieces. 

When heated with water, starch forms a kind of solution. 
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Fio. 94.—Starch Grains under the 
Alicroscope. 


which is employed for “ starching linen, and also as a 
test for free iodine, with which it gives a characteristic deep 
blue coloration. 

Starch is an important food. WTien taken into the mouth, 

it is attacked by an ^ 
enzyme (p. 342) called ^ 
ptyalin, which converts 
it into a sugar and thus 
renders it truly soluble 
in water. Since all food 
has to pass through the 
walls of the small intes¬ 
tine, and must therefore 
be dissolved (for solid 
substances cannot pass 
through a membrane) it 
is clear that unless starch | 
was converted into a 
soluble substance like 
sugar it could not be absorbed by the body. 

For the formation of starch in plants see p. 354. 

The empirical formula for starch is CoHioOj. Its true 
formula is not yet known. 

Sugar.—Sugar is the name for a whole class of compounds, 
of which the chief are cane-sugar, Ci 2 Hj 20 |i, and grape-sugar, 
CeHijOe. Cane-sugar is extracted from the sugar-cane and 
sugar-beet. It is a white crystalline solid with a sweet taste, 
and, like starch, it is an important food substance. Young 
people require more sugar than older ones, hence we find that 
the child’s fondness for sweets gradually diminishes as he 
grows up—though some of us retain a “ sweet tooth ” till 
our second childhood. 

When sugar is treated with concentrated sulphuric acid 
a reaction takes place which (it is said) made the fortune of a 
well-known firm of boot-polish manufacturers. The sulphuric 
acid, as usual, splits up the sugar and combines with the v/ater 
80 formed, leaving a black mass of carbon— 

CjsHjaOn = llHjO + 120. 


I 



CARBON AND SILICON 341 

This carbon is in a very fine state of division, and, after it 
has been washed free from sulphuric acid and dried, may be 
made up into a paste mth oU. This paste is the old-fashioned 
blacking,” with which some of us in our schooldays had 
)laboriously to try to get a polish on our boots, 

The empirical formula for sugar may be determined by 
taking a known weight of it, burning it, and weighing the 
carbon dioxide and water formed. The weight of carbon 
dioxide is found by absorbing it in a weighed bulb containing 
caustic soda solution, and that of the water by absorbing it 
m a weighed calcium chloride tube, ^f we know that sugar 
consists of carbon, hydrogen and oxygen only, we can then cal¬ 
culate its empirical formula. To get its true formula we have, 
of course, to find its molecular weight, e.g. cryoscopically.’ 

Alcoholic Fermentation.—Yeast is a tiny plant. An 
ordinary lump of yeast is composed of thousands and thou¬ 
sands of yeast plants, each of which consists of a single cell. 
A single yeast plant, which is oval in shape, is far too small 
to be seen with the naked eye, but it may be observed under 
the microscope. Fig. 95 shows you what yeast looks like 
when very much magnified. 

One thing about yeast that will strike you at once is that 
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Fio. 95.—Yeast Cells. 

it is not green. We shall see later (pp. 351-357) that ordinary 
green plants feed on the carbon dioxide in the air, which, 
iwing the energy of sunlight, they are able to build up into 
sogar and starch. You will find that the green colouring 
matter, chlorophyU, is essential to this process—^plants which 
do not possess it cannot feed on carbon dioxide, but require 
ready-made food, as animals do. 
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When yeast is put into a solution of sugar, it multiplies 
exceedingly, and at the same time carbon dioxide comes off 
and alcohol is left in the solution. Now, in order to grow in 
this way, yeast requires energy. Most animals and,plants 
get their energy by the slow oxidation of their tissues, whichl 
are replenished by the food they consume. The yeast plant,'* 
however, has to some extent solved the problem in another 
way. It contains complicated and mysterious substances 
called enzymes (the word enzyme is derived from the Greek, 
and means “ in yeast ” ; it was given to these substances be¬ 
cause the first known.examples were found in yeast, althou^ 
we know now that enz 3 rmes occur in all living organisms), 
and by means of these enzymes it acts upon the sugar in 
a very peculiar way. Enzymes are in some respects very 
similar to the catalysts with which many chemical reactions 
are speeded up or slowed down : they are left unchanged 
at the end of the action, and so do not appear in the equation.* 
The first action that takes place when yeast is put into 
sugar solution is as follows— 

CjaHjiOii + HjO = CjHijOg + CaHiaOg, 

i.e. each molecule of sugar takes up a molecule of water and 
is converted into two molecules of the formula CoHuOe- You 
may wonder why we do not write 2 C 8 H 12 O 8 instead of 
CcHijOo + CeHjjOg. The reason is very simple. Although 
the two molecules each consist of 6 atoms of carbon, 12 of 
hydrogen, and 6 of oxygen, the atoms in one molecule are 
arranged in a different way from those in the other, and hence 
the two substances of which these molecules are representa¬ 
tive are quite different from one another. This is a pheno¬ 
menon with which you have not met before, but it is not 
diffi cult to understand. We coiild write the formula for a 
house Bjo.mo Sf^a.ooo Ssoo. where B = bricks, St = stones and 
S — slates, but it is easy to see that such a formula wou^d 
not give you any idea of the actual shape of the house, and 
that it might, in fact, correspond to several different houses 
of very different form and arrangement. It is exactly the 
same with atoms in a molecule. The properties of a substance 
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depend not only upon the numbers and kinds of atoms in its 
molecule, but also upoh the way in which they are arranged. 

When cane-sugar is acted upon by yeast, then, the first 
reaction is— 

' cane-sugar -f- water = grape-sugar + fruit-sugar. 

+ H,0 = C^H.^O, + C^H.^O^. 

The product is a mixture of two simpler sugars, grape- 
sugar and fruit-sugar, in equal weights. Grape-sugar or 
glucose is the sugar found in grapes and in honey, while fruit- 
sugar occurs in various fruits. The enz 3 nne which brings 
about this change is called invertase. After it has accom¬ 
plished its task the work is taken up by a second enzyme, 
called zymase, which converts both the grape-sugar and the 
fruit-sugar into alcohol (CaHaO) and carbon dioxide— 

, CaH.^Oa = 2C*HaO -f 200^. 

The important point about this reaction happens to be 
one of those things which an ordinary chemical equation does 
not show. It is this—that the conversion of grape- or fruit- 
sugar into alcohol and carbon dioxide is accompanied by 
the liberation of large quantities of energy. This energy the 
yeast plant is able to use in order to grow. 

You will see, however, that the yeast is not feeding upon 
the sugar. Hence the dry weight of the yeast grown in a 
pure sugar solution does not increase at all, although the 
jiumber of yeast cells does. In order that the yeast may grow 
and increase in weight it must be supplied with food, though 
it does not require very much, since it obtains its main supply 
of energy in the way just described. 

The fermentation of liquids containing sugars is important 
in industry, since it is used in the manufacture of beer, wines 
and spirits, and also for the production of alcohol on a com¬ 
mercial scale. 

I Alcohol, CjHaO, is made from potato-starch. This is (in 
one method) treated with dilute sulphuric acid, which converts 
it into grape-sugar— 

(CeHioOs)^ + = nC,H„0,. 
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The liquid is then neutralized with lime and fermented by 
means of yeast. After the fermentation is over, the liquid is 
filtered and the clear filtrate distilled. Alcohol has a lower 
boiling-point (78°) than water, so it boils off first, though it 
always carries a little water with it. 

Alcohol is a colourless volatile liquid with a characteristic 
“ winy ” smell. It is very difficult to solidify by cold, and is 
therefore sometimes used in thermometers in cold countries. 
When pure, it is a powerful poison, but it is not so harmful if 
diluted ; even dilute alcohol, however, may produce intoxica¬ 
tion (i.e. poisoning). 

Alcohol burns with a hot, practically non-luminous, flame. 
When it can be produced cheaply enough it will form an 
excellent fuel for motors. Indeed, when the world’s supply 
of petrol is exhausted, we shall probably have to grow vast 
quantities of plants simply in order to provide starch from 
which we may obtain the necessary motor-spirit. The • 
products of combustion of alcohol are carbon dioxide and 
water— 

CaHeO + 30, = 2C0, + 3H,0. 

Composition of Alcohol. —The percentage composition, 
determined by burning a known weight of alcohol and weigh¬ 
ing the water and carbon dioxide form^, is C 52*2 ; 
H = 13*0 ; O =5 34*8. Hence the empmcal formula is 
C,HeO. 

A Victor Meyer vapour density determination gives the. 
value 23 for the V.I). of alcohol. Hence the M.W. is 46. 
This corresponds to C,HeO (2 x 12 + 6-1- 16), true for¬ 
mula is CeHgO. 

Methylated Spirit. —In order to make alcohol unfit for 
drinking, it is mixed with various poisonous liquids such ^ 
wood naphtha or “ methyl alcohol ” {methanol). The mixture 
is called methylated spirit, while pure alcohol is sometimes 
called spirit of wine. 

Soap.—Ordinary soap is the sodium salt of an organic 
acid called stearic acid, C, 7 H 35 .COOH., Its formula is 
CiTHas.COONa. It is made from mutton fat by boiling it 
with caustic soda solution. Mutton fat is a compound of 
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stearic acid with glycerol (or to give it its common name, 
glycerine)^ so that we may write an equation for the action 
as follows— 

mutton fat (glyceryl stearate) sodium hydroxide 
I = soap (sodium stearate) -1- glycerol. 

The glycerol of commerce, then, is a by-product in the 
manufacture of soap. 

For the action of soap on hard water, see p. 198. 

Carbon disulphide, CSj, is formed by passing sulphur 
vapour over red-hot coke— 

C + S2 = CS2- 

It is a colourless, volatile, and very inflammable liquid 
which has a pleasant, sweetish odour when pure. It generally 
contains impurities, however, which give it a very evil smell. 
It is used as a solvent (e.^. it dissolves sulphur and phosphorus) 
I and also for killing rats and insects, as it is very poisonous. 

Flame, Combustion and Fuel 

By Aflame we mean a region in which a chemical reaction 
between gases is going-on so vigorously that the gases glow 
and give out light. 

The structure of a flame varies according to the nature 
of the substances burning, and is also affected by the shape 
of the burner, etc. In order to get some idea of the nature 
of typical flames we shall consider those of (a) a candle, and 
, (6) the Bunsen burner. 

Candle Flame.—When a candle burns, the wax of which 
it is composed melts, and the molten wax is then sucked up 
the wick into the region of the flame, where it is vaporized. 
Wax consists of hydrocarbons (p. 313), so that the products 
of combustion are carbon dioxide and water. Examination 
of the flame shows thcrt it consists of three zones, (i) an inner 
' dark zone, (ii) a larger luminous zone, and (iii) on the outside, 
) an enveloping zone which is non-luminous, and is therefore 
only dimly visible (Fig. 96). 

The inner zone consists of unbiimt wax-vapour, as can 
easily be shown by putting into it a short piece of glass tubing, 
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which conducts away some of the vapour. The latter can 
indeed be lit at the mouth of the tube (Fig. 97). 

The luminous zone contains particles of carbon which are 
heated white-hot. We may, perhaps, imagine that in this 
zone the hydrogen of the wax is burning, and the flame of the 


A 



Fio. 96.—Candle 
Flame. 



Fio. 97.—Drawing ofi Wax-vapour 
from a Candle Flame. 


burning hydrogen heats the carbon to incandescence. This 
was Faraday’s explanation, and is not quite accurate. To 
show that this zone contains carbon, a piece of cold porcelain 
may be held in it, when the porcelain will become .covered 
with soot (carbon). 

In the outermost zone, combustion is completed. 

Bunsen Flame.—If the holes at the bottom of the burner - 
are closed, we get a flame similar in all essentials to that of 
the candle. That the central zone consists of unburnt gas 
may be shown by drawing off the gas from this region with 
a piece of glass-tubing as before, or by sticking a pin through 
a match, resting it in the Bunsen tube, and then lighting the 
gas. It will be noticed that the match takes fire only after 
a considerable time, showing that the central cone is quite' 

cool- / 

Why does the gas in the central region not bum ? The 
answer is plain : there is no air there to bum it. If, however, 
we open the holes at the bottom, we shall supply more air 
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and can reduce the size of the inner cone, while the luminous 
cone will disappear altogether. There is now sufficient air to 
bum up all the carbon straight away, so that the luminous, 
white-hot particles are no longer formed. What does the 
) inner cone consist of now 1 Clearly of a mixture of air and 
gas. Why then is it not burning, and why doesn’t the mixture 
burn right down in the tube 1 These questions, which may 
be puzzling at first sight, are answered when we know that, 
if a mixture of gases is lit, the wave of flame travels through 
the mixture at a perfectly definite rate. The Bunsen burner 
is 80 constructed that, with the ordinary pressure of town gas, 
the rush of air and gas out of the tube is going faster than a 
flame-wave travels back in the mixture. If, however, you 
turn the gas partly off, you will be able to lessen the rush, 
and the flame may' then “ strike back.” 

The wider you open the holes at the base of the burner, the 

* more air can get in. Hence, at the top, the gas has not to 
' spread itself out bo much in order to burn, and the flame is 

therefore smaller. It follows, that, since the gas is now burnt 
in a smaller space, the heat will be more concentrated and 
therefore the flame will be hotter. The Bunsen burner, in 
fact, gives three types of flame— 

(1) With a luminous zone. Fairly cool. No air enters 
at bottom. 

(2) A quiet, non-luminous flame. Hot. Some air enters 
at bottom. 

* (3) A roaring, non-luminous flame. Very hot. Much air 
enters at bottom. 

With the same supply of gas, No. 1 is the largest and No. 3 
the smallest, No. 2 being intermediate. No. 1 is used for 
bending glass tubing, etc.. No. 2 for ordinary purposes, and 
No. 3 for glass-blowing or in other cases where a very high 
temperature is required. The highest temperature obtain¬ 
able with a Bunsen burner is probably about 1,800° ; the 
'ordinary flame (hottest part, i.e. 4 inch or so above top of 
central cone) is about 1,200-1,500°. 

Fuel.—The chief fuels are coal, coke, coal-gas, hydrocarbons 
(petrol, paraffin, benzene, etc.) and wood. They are all 
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carbon or carbonaceous substances, and their use depends 
upon the fact that when they are burnt, forming carbon 
dioxide, water, etc., large amounts of heat are liberated. 
Thus, when 12 grams of amorphous carbon are burnt to carbon 
dioxide, 96,960 calories are evolved, a fact which can be 
expressed by the equation— 

C + Oa = CO 2 + 96,960 cals. 

Different fuels are used for different purposes, the choice 
being of course governed by considerations of (a) convenience, 
and (6) price. The uses of ordinary fuels are so well-known 
that we need not consider them here. We shall, however, 
deal briefly with some gaseous fuels which are of great impor¬ 
tance in commerce, but which are not so well-known to the 
average man. 

Producer-gas is a mixture of carbon monoxide (30 per cent.) 
and nitrogen (62 per cent.) made by sending a blast of air 
through red-hot coke. It is used very largely in chemical 
works. 

Water-gas is the name given to a mixture of hydrogen and 
carbon monoxide, made by passing steam over white-hot coke— 

C + H^O = CO + Ha. 

In the reaction, heat is absorbed. 

Water-gas is often made at gas-works and mixed with the 
coal-gas. The disadvantages of this practice, from the con¬ 
sumers’ point of view, are that the gas is thereby made much 
more dangerously poisonous, and that the heat given out by' 
the combustion of the gas is much less than that given out by 
the combustion of an equal volume of pure coal-gas. The latter 
disadvantage is practically overcome by the new method of 
charging for gas not by volume but by its heating capacity 
(i.e. by the therm instead of by the cubic foot. See p. 318). 

Silicon 

Symbol: Si; Atomic Weight: 28 ; Valency : 4 ; Specific) 
Gravity: 2’5. 

Occurrence.—Silicon is very widely distributed, and forms 
* more of the earth’s crust than any other element except 
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oxygen. It is always found as its oxide, silica, SiOj. This 
may occur in the free state as quartz and sand, or combined 
with basic metallic oxides as silicates. Clay, for example, 
is largely composed of aluminium silicate. Flints, opals, 
amethysts and many other similar stones are composed of 
silica. The word silica is derived from the Latin silex, a 
flint. 

Preparation.—Silicon may be obtained from silica by 
heating it with magnesium— 

SiOa + 2Mg = Si + 2MgO. 

Properties.—Silicon exists in two forms—an amorphous 
brown powder and a yellow or brown crystalline form. It is 
not very reactive, although it will burn in air if strongly 
heated, forming silica, SiO*'. It is insoluble in acids. 

1 

* Compounds. 

As a non-metallic quadrivalent element, like carbon, it forms 
compounds which in many ways, especially that of constitu¬ 
tion,, resemble the corresponding compounds of carbon. 

Silicon di-oxide, SiO*.—Silica is an acidic oxide, like 
carbon dioxide, but it is a solid. Of late years it has become 
very important in the manufacture of “ quartz glass ” ; 
when silica is heated it becomes soft and can be made into 
tubes, basins, crucibles, etc., and since silica has a very low 

• coefficient of expansion, quartz-glass vessels can withstand 
great and sudden changes of temperature without cracking. 
A silica basin, for example, may be made red-hot and cooled 
under the tap. Fused silica may also be drawn out into, very 
flne threads used in mirror-galvanometers, etc. 

Vitreosil is an opalescent form of quartz glass, made by 
passing a powerful electric current through a rod or plate of 
carbon packed in sand. It is cheaper than the transparent 
» form, but equally good for most purposes, although of course 
it does not look so attractive. 

Since it is an acidic oxide, silica will combine with basic 
oxides to form salts, the silicates, which are salts of silicic acid. 
The ma.in constituent of clay is am alumino-silicic acid. 
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It has the formula HjAljSisO^, roughly. Sodium silicate, 
NajSiOa, made by dissolving silica in caustic soda, is soluble 
in water. Tlie commercial product is called water-glass, and 
contains more silica than corresponds to the above formula ; it 
is used in solution as a preservative for eggs, since it clogs up 
the pores of the shell with calcium silicate and thus prevents 
the ingress of air and bacteria. It has also been successfully 
employed in preserving certain of the wooden boats and other 
objects excavated from the Glastonbury Lake Village, etc. 

Glass is a mixture of the silicates of calcium and sodium or 
potassium. Ordinary soda-glass is made by fusing a mixture 
of sand, limestone, and 8oda*ash ; hard-glass is made in a 
similar way except that potash is used instead of soda ; while 
fiint glass is made from sand, limestone, litharge and soda or 
potash. rUnt-glass is more highly refractive than soda* or 
potash-glass, and is therefore used for making lenses ; it is, 
however, soft and easily scratched, therefore microscope 
objectives, etc., should always be cleaned with silk or chamois 
leather and not with the rougher cotton or linen cloths. 

Coloured glass is made by adding certain metallic oxides to 
the original mixture or preferably to the glass after fusion. 
Blue glass is made by adding cobalt oxide ; amethyst or purple, 
from manganese dioxide ; opalescent, from bone-ash. 

Glass is not a solid but a very viscous liquid, cooled so far 
below its freezing-point that it crystallizes only very slowly. 
This phenomenon of “ super-cooling ” is quite common; all . 
supercooled liquids crystallize after a time, and in the case of 
glass this process is called devitrification. Soda-glass devitrifies 
more quickly than the other kinds. Devitrified glass is brittle 
and useless. 

Silicic octd itself, H^SiO^, comes down as a white gelatinous 
precipitate (but cf. pp. 360-1) when hydrochloric acid is added 
to a solution of sodium silicate— 

NajSiOa + 2HC1 = 2NaCl + H^SiOs. / 

On heating, it loses water, and is converted into silica— 

HjSiO, = H,0 + SiOa. 

(Compare and contrast carbonic acid, p. 326.) 
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Silicon hydride or silicomethane, SiH 4 , is a colourless 
gas made by the action of hydrochloric acid upon magnesium 
silicide (prepared by heating silica with magnesium)— 

MgaSi + 4HC1 = SiH, + 2MgCl2. 

It readily takes fire in the air, and, as generally prepared, 
is spontaneously inflammable. The products of combustion 
are silica and water— 

SiH4 + 20, = SiO, + 2H,0. 

(Cf. methane, p. 333.) 

Silicomethane reacts with chlorine to form silicon tetra¬ 
chloride and hydrochloric acid— 

SiH* + 4C1, = SiCl* + 4HC1. 

(Cf. methane, p. 334.) 

Silicon carbide, or carborundum, SiC, is made by 
heating a mixture of sand and excess of powdered coke in 
the electric furnace— 

SiO, + 3C = SiC + 2C0. 

It is an extremely hard crystalline solid, colourless when p\ire, 
but black as usually prepared. It is used instead of emery 
for grinding and polishing, etc. 

Relation between the Atmosphere and Plant and 

Animal Life 

The existence of all animal and plant life is intimately 
bound up with the atmosphere. Two of the principal factors 
in life are feeding or assimilation and breathing or respiration, 
and we shall see that the breathing of animals, and both 
the breathing and feeding of plants, depend upon exchange 
of gases between the living organism and the surrounding air. 

Respiration and Assimilation.—Just as a steam-engine 
requires a supply of energy if it is to carry out the purposes 
for which it is designed, so all living things need energy to 
grow and move and work. In the case of a steam-engine, 
the energy is derived from the heat given out when carbon 
(coal) or oil (a carbon compound) is burnt, and ultimately 



352 


AN ELEMENTARY CHEMISTRY 


depends upon the conversion of carbon into carbon dioxide 
t>y means of the oxygen of the air. Respiration is at bottom 
a very similar process, for during breathing carbonaceous 
substances in the living tissues of a plant or animal are 
oxidized by atmospheric oxygen and are converted into carbon 

results in the setting 
free of energy, which the organism uses for its life-processes. 
The actual living matter of plants and animals is a colourless 
jelly-like substance called protoplasm, and it is in the proto¬ 
plasm that the actual oxidation occurs. The substances which 
are oxidized are very complex, but their constitution need not 


dioxide and other products. This change 



worry us here, for it is quite 
sufficient if we know that 
they are compounds of carbon 
and that during respiration 
their carbon is converted into 
carbon dioxide. 

During respiration, then, 
the plant or animal takes in 
air, in order to get oxygen 
for this oxidation. Small or- 


Fio. 98.—Stomata. ganisms breathe in air over 


the surface of their whole 


body, but larger plants and animals take it in through 
special openings—mouth and nose, etc., in animals, and 
little holes, called stomata ^ (Fig. 98), on the under surfaces • 
of the leaves, in plants. Thence it is distributed over the 
body, dissolved in the blood in animals, and dissolved in the 
sap (and in other ways) in plants. 

The essential part of respiration, then {viz. oxidation of 
carbonaceous material) goes on all over the body. You must 
not imagine that you respire mainly with your lungs. The 
lungs are merely the apparatus used for effecting the exchange , 
of gases between your body and the air ; you breathe throughout j 
your whole body. 

when living things breathe, therefore, they take in air, for 
the sake of the oxygen it contains, and they throw back into 


^ Singular stoma (Greek, a mouth). 
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the atmosphere the nitrogen, the unused oxygen, and the 
carbon dioxide which has been produced. The air, as you 
know, consists chiefly of oxygen {21 per cent, by volume) and 
nitrogen (79 per cent.), with a small proportion (3 or 4 litres 
in 10,000 or 0-03-0 04 per cent.) of carbon dioxide. The air 
7 a man breathes out from his lungs contains a slightly lower 
percentage of oxygen and a slightly higher percentage of 
carbon dioxide. You should not make the error of supposing 
that expired breath consists chiefly of carbon dioxide and 
contains no oxygen : air does not remain in the lungs long 
enough for its composition to change very much. Still, 
ordinary air contains so little carbon dioxide that it takes a 
long time for it to turn lime.water milky, whereas expired air 
wiU turn it milky at once. 

Like animals, plants also use up oxygen during breathing, 
and convert it into carbon dioxide, which they send out into 
, the air. It seems, therefore, that the percentage of carbon 
^ dioxide in the atmosphere ought to be steadily increasing, for 
all living things are breathing it out, and it is, of course, formed 
in large quantities when coal, oil and wood are burnt. Each 
ton of coal you burn in your grates, for example, means that 
about 3 tons of carbon dioxide are thrown into the air. 
About 2,000,000 tons of coal are used in Great Britain every 
week, hence in a year, by this operation alone, some 
320,000,000 tons of carbon dioxide are sent out into the 
atmosphere I 

How is it, therefore, that the percentage of carbon dioxide 
in the atmosphere is found by chemists to remain practically 
constant ? Well, there are two reasons. In the first place, 
carbon dioxide is soluble in water, and the sea therefore takes 
up a great deal. Secondly, it is a remarkable fact that 
carbon dioxide forms the chief food of green plants. If we 
analyse the stuff of which plants are made, we find that a 
great deal of it is water (about 80 per cent.). The rest, which 
. is solid matter, consists chiefly of carbon, together with smaller 
^ quantities of hydrogen, oxygen, and nitrogen, and traces of 
sulphur, phosphorus, chlorine, silicon, magnesium, iron, and 
various other elements. That carbon is the principal con- 
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stituent of the solid matter of plants is obvious when one thinks 
of what happens when a log of wood is heated. At first, the 
log sizzles and splutters ovring to the moisture which is being 
driven off ; then it goes black, and is converted into charcoal, 
which, as we have already seen, is mainly carbon. If you 
refiect on the enormous mass of vegetation which covers the 
surface of the globe, you will realize what a vast quantity 
of carbon dioxide must have been taken from the air and 
decomposed by plants in order to build up their tissues. 
Hence you will be able to understand why the percentage of 
carbon dioxide in the air does not increase. 

Plants feed, then, in this way. Water they obtain from 
the soil, sucking it up through their roots .by means of the 
very fine root-hairs which you can see very well on the roots 
of young mustard seedlings. From the roots the water passes 
up through the stems into the leaves, where it gradually 
turns into vapour, and much of it escapes through the stomata. 
Through the stomata, air enters the leaves. Here carbon 
dioxide and water react together, forming—probably—in the 
first instance, oxygen and a substance called formaldehyde, 
CH,0— 

COa + HjO ^ CHaO + Oa. 


The oxygen is sent back into the air as a waste product; 
you will see from the equation (by Avogadro’s Hypothesis) 
that the volume of oxygen liberated is equal to the volume of 
carbon dioxide taken in. The formaldehyde does not remain 
as such in the leaves ; several molecules of it combine together * 
to form a sugar, CeHijO#— 

eCHaO = CeHiaOg, a sugar. 

From sugars, the plant can form starches, in a way we do 
not understand, and which we cannot yet imitate in the 
laboratory, but which we can represent by the equation— 

wCaHiaOfl = (CgHigOsln + TlHaO. 

Starch. | 

Starches and sugars, then, are the chief food substances' 
in plants, and they are made from water and from the carbon 
dioxide of the air. 
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Now the action CO^ + H,0 = CH,0 + O, is not one which 
will take place spontaneously, since during the action a great 
deal of energy is used up. W here does this energy come from ? 
We can get a clue to this problem by testing the leaves of a 
plant for starch at various times of the day and night, when we 
find that no starch is present at night. This indicates that light 
is necessary for starch-formation—a conclusion which is con- 
firmed by growing plants in a dark cupboard, when it is found 
that they form no starch and also become very unhealthy. 
Under these circumstances, too, they lose their green colour — 
a fact which all of you must have noticed when you have 
lifted up from the lawn a box which has been left there a day 
or two. Another significant fact in this connection is that 
if you test for starch a variegated leaf, that is, a leaf parts 
of which are green and parts not green, you will find starch 
only in the green parts. From these and similar considera¬ 
tions it follows that the building-up of starch from carbon 
dioxide and water can take place onl 3 ^— 

(i) in presence of liglit, and 

(ii) when the green colouring-matter is present. 

This green colouring-matter, which can be extracted from 
leaves by boiling them first with water (to kill them) and then 
with alcohol (or, better, acetone), in which the green substance 
dissolves, is called chlorophyll (Greek, the green of the leaf). 
It is a very complicated magnesium compound,^ rather simi¬ 
lar in constitution to the red colouring-matter of the blood, 
hcemoglobin, except that the latter is an iron compound, and 
contains no magnesium. 

We believe, then, that the energy necessary to bring about 
the reaction— 

CO 2 4* HjO = CHjO (formaldehyde) + Oj 
is obtained by plants from sunlight, and that the agent which 
the plant uses for the purpose is chlorophyll. Since ordinary 

I » To give you some idea of the complexity of this substance, it may 
be stated that Professor Willstattor has shown that it probably is a 
mixture of two compounds to which ho assigns the forroul»_ 

pVIgNaCajHj,] (NH.CO) (COOCH3) COOCjoHg,)—chlorophyll ou 
[MgN4G9jH**Ogl (COOCHj) (COOC29H39)—chlorophyll ( 2 . 
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white light is composed of lights of different wave lengths 
{as can be shown by splitting it up by means of a prism), 
and since chlorophyll is green, it is obvious that the green 
part of the light is not used by the plants, for they reflect it 
back again and do not absorb it. As a matter of fact, it is 
the red light which is most active in this respect. Plants will 
grow quite well under red glass, which allows the red light to 
pass through, but they will not grow under green glass which 
stops the red rays from passing. This use of red light will 
probably surprise us when we remember that the most active 
rays in the majority of chemical reactions are the violet ones, i.e. 
those at the extreme opposite end of the spectrum to the red. 

We have seen, therefore, that in plants the main feeding- 
process {carbon assimilalion) consists in the absorption of 
carbon dioxide from the air and the building-up of it into 
sugars and starches by means of the energy of sui^ght which 
is harnessed by the chlort>phyll. Oxygen is a waste product. 
This process, which is a “ building-up by means of light,” 
is therefore called photosynthesis." 

If we cast our minds back to the breathing-process of 
plants we shall recollect that, in this case, oxygen is taken in 
and carbon dioxide is a waste product. Hence, in dayhght, 
two opposing processes are going on— 

Breathing. —Oxygen used, carbon dioxide sent out. 
Feeding. —Carbon dioxide used, oxygen sent out. 

Now plants are not energetic organisms ; they do not 
jump and skip like young lambs. Hence they do not have to ' 
breathe very much. On the other hand, they may often 
grow to a considerable size, and they generally grow very 
quickly, hence they feed voraciously. The result is that in 
daylight the breathing-process is entirely masked by the 
feeding-process, and if we want to show that plants breathe 
in the ordinary way, we have to test them at night, or in the 
dark, when they cannot feed. J 

We arrive, then, at the following conclusions : / 

(i) All living things breathe, by using oxygen to oxidize 
carbonaceous materiaU Carbon dioxide is a xoaste product cf 
this process. 


CARBON AND SILICON 


357 


(ii) Qreen plants feed on carbon dioxide, which, in sunlight, 
they can make to react with water and form sugars and starches. 

You will now be able to understand what a foolish mistake 
it is to say that plants “ breathe in carbon dioxide and breathe 
out oxygen ” ! It is equivalent to saying that a man breathes 
in porridge, bacon and eggs and toast and marmalade. 

Carbonaceous Food of Animals.—Animals do not possess 
the power of feeding on carbon dioxide. The carbonaceous 
food which they require must be supplied in the form of 
starches or sugars or other complex carbon compounds. Hence 
all animal life is ultimately dependent upon plant life, for 
though some animals feed on other animals, these must finally 
obtain their carbonaceous food from plants or plant remains. 

Water and Life.—Life cannot exist without water. It 
has already been men.tioned that about 80 per cent, by weight 
. of plants, on the average, consi.sts of water. In the case of 
animals the percentage is lower, but it is still high. In plants, 
water plays many parts, but it is a food, just as it is for 
animals. Water leaves a plant through the stomata, in the 
form of water-vapour. Now there is always water-vapour 
in the air, though the amount varies. If the humidity of the 
air is high, evaporation of water from plants will be slow, 
while if the air is very dry evaporation will go on rapidly. 
In the latter event, a plant might quickly become dried up 
and withered ; we therefore find that plants have elaborate 
■ arrangements to control the rate of evaporation. They can, 
for example, close their stomata if the supply of water is 
running short. 

Nitrogen and other Elements.—^The elements mentioned 
on p. 353, as constituents of plants, are also constituents of 
animal bodies, with the exception of magnesium, which ani¬ 
mals are apparently able to do without. Plants obtain their 
supplies of these elements from the soil, in which they are 
‘present in the form of compounds. These compounds-dis¬ 
solve in the soil-water, and the solution is taken up through the 
roots. In the plant they are worked up into complex sub¬ 
stances, which may serve as the food of animals. The chief of 
these substances with which we have to deal are the proteins. 
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These are nitrogenous bodies which form an essential food 
of animals. Nitrogen is, indeed, a constant constituent of 
all living tissue. Plants require it to be presented to 
them in the form of nitrates, which they take up in solution, 
through their roots, from the soil. In the course of the life- 
process of the plant, the nitrogen of the nitrates becomes con¬ 
verted into proteins. The fate of tliese proteins is twofold. 
The plant may die, in which case the proteins it contains are 
returned to the soil ; or it may be eaten by an animal, when 
the protein is digested and becomes a part of the animal 
body. During the life of the animal, proteins are continu¬ 
ally being used up, and the nitrogen is excreted in the form of 
less complicated substances such as urea (man) or hippuric 
acid (horses, etc.). If, therefore, dead plants and the excreta 
and dead bodies of animals are returned to the soil, the latter 
will not become impoverished of nitrogen, but the nitrogen 
returned in this way will be of no direct use to plants, which 
must have it in the form of nitrates. Luckily there is an agency 
at wdrk which converts organic nitrogenous compounds in the 
soil into nitrates. This agency is the bacterial flora. The soil 
swarms with bacteria, which cause “ decay ” of nitrogenous 
organic matter. The first product is ammonia ; by the aid of 
the oxygen of the air one class of bacteria (the nitrite-forming 
bacteria) converts the nitrogen of this ammonia into nitrites, 
and a second kind converts the nitrites inte nitrates. (These 
two classes of bacteria are called the nitrifying bacteria.) 1*1 - 
this way the cycle of changes undergone by the nitrogen in 
nature is complete (Fig. 99). 

There are, however, several factors which modify this 
simple “ nitrogen cycle.” In the first place, there are certain 
species of soil bacteria which convert nitrates into nitrogen, 
which escapes into the air and is therefore lost; these are the 
denitrifying bacteria. Secondly, a great deal of nitrogen is 
taken from the soil and never replaced, owing to our wasteful j 
system of turning sewage into the sea whenever possible. 
Thirdly, in order to get sufficiently large crops to feed the 
pop\ilation of the world, large quantities of nitrates or ammo¬ 
nium salts have to be added to the soil, as artificial manures. 
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Fourthly, certain plants, such as peas, beans, and clover, have 
the power of making direct use of atmospheric nitrogen, by 
means of peculiar bacteria which live in nodules on their roots ; 
but the enrichment of the soil brought about in this way and 
by the production of nitric acid in the air during thunder¬ 
storms is not sufficient to make up for the annual drain on 
the nitrogen content of the soil caused by growing and re¬ 
moving a crop. 

In other words, for the establishment of a true equilibrium 
in the nitrogen cycle, at present much nitrogen has to be 



added to the soil, by man, in the form of nitrates or ammonium 
salts. The production of ammonium salts in the manufacture 
of coal-gas is far too little to supply the need, and the beds of 
Chile saltpetre will in time become exhausted. Hence the 
great importance .of the recently-perfected methods of build¬ 
ing up nitric acid and ammonia from the nitrogen of the air, a 
problem to which the attention of chemists was fortunately 
directed in good time by the foresight of the late Sra Wuxiam 
Crookes. 

The Nitrogen Cycle may be represented by Pig. 99 , 
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Summary of Relation between Air and Plant and 

Anisial Life 

T. Respiration or Breathing. 

Plants and animals use atmospheric oxygen to oxidize / 
carbonaceous materials in their bodies, thus obtaining the 
necessary energy for their life. Carbon dioxide is thrown 
back into the air. 

II. Feeding. 

In sunlight, green plants use carbon dioxide for food. 
They build up sugars and starches from carbon dioxide and. 
water, oxygen being liberated. The energy required for this 
change is derived from the red light of sunlight, the agent 
being chlorophyll. 

Animals obtain their carbonaceous food directly or in¬ 
directly from plants. 

III. Water-vapour. ' 

The presence of water-vapour in the air prevents plants and 

animals from drj’ing up. Atmospheric water-vapour is not 
used as a food either by plants or by animals. Plants obtain 
water for food from the soil, animals by drinking it. 

IV. Nitrogen. 

Atmospheric nitrogen is of no use as a food to animals or 
to the majority of plants (although recent research has 
shown that many green plants may be able to use atmospheric 
nitrogen directly). It is, however, in the last resort the chief . 
source of nitrogenous food, since it is converted into nitrates 
and ammonia, which are used as manures. 

Dialysis 

In the middle of the nineteenth century Graham showed 
that if a solution of salt was placed in a parchment drum 
floating in a vessel of water, the salt gradually passed 
through the membrane into the surrounding water ; glue, 
however, if made up into a solution and treated in the 
same way, would not pass through the membrane. Further 
Investigation showed that most crystalline substances be¬ 
haved in the same way as salt, while silicic acid, gum, 
starch, albumen and caramel, and certain other substances, 
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behaved like glue. The latter bodies Graham therefore called 
colloids, because they were “ like glue ” (Greek, kolla, glue) ; 
those which readily pass through a membrane he called 
' crystalloids. It follows that if we have a mixture of a colloid 
and a crystalloid in solution, the two 
may be separated by floating the solu¬ 
tion in a parchment drum in a vessel of 
pure water, when the crystalloid will 
slowly pass through while the colloid 
remains. This process Graham called 
diahjsis. 

Recent work has shown that this classification of substances 
into colloids and crystalloids is unsound ; any substance may 
be obtained as a colloid under suitable conditions, and it is 
therefore preferable to talk of a colloidal state of matter, into 
which some substances pass more readily than others. 

In a colloidal solution of a solid in a liquid, the particles of 
the solid are so fine that they will not settle to the bottom, 
and yet are not so fine that the substance can be regarded 
as in a “ true ” solution. In practically all colloidal solutions 
the particles of the colloidal substance can be observed either 
directly or indirectly by means of the microscope or ultra¬ 
microscope. 



Fig. 100.—Graham's 
Dialyser. 


Qitestions 

1. For what reasons are carbon and Bilicon claesified together t 

2. What is organic chemistry ? 

3. How does carbon occur in nature ? 

4. What is meant by allotropy ? Illustrate your answer by refer¬ 
ence to oxygen and carbon. 

6 . What are dolomite^ lime^lone, chalk and petrol T 

6 . How would you show that amorphous carbon^ graphite and 
diamond all consist of nothing but carbon ? 

7. How is graphite obtained commercially ? 

8 . Write a short account of the distillation of coal, 

9. Why is gas sold by the therm and not by the cubic foot t What 
is a therm } 

10. Describe the chemical properties of carbon. 

11. Who discovered carbon dioxide, and when ? 

12. Describe the preparation and properties of carbon dioxide. How 
may this gas (a) be dried, and (6) be separated from carbon monoxide f 
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13. What is the action o£ carbon dioxide upon (a) lime-water, (5) 
caustic soda solution, (c) sodium carbonate solution 7 

14. Write equations for the action of each of the three mineral acids 
upon (a) sodium carbonate, ( 6 ) marble, (c) zinc carbonate, (d) copper 
carbonate, (c) potassium bicarbonate. 

15. How would you estimate the strength of a solution of sodium 
carbonate 7 

16. Upon what evidence is the formula CO^ assigned to carbon 
dioxide 7 

17. Describe the preparation and properties of carbon monoxide. 

18. How could you distingtiish between carbon monoxide and hydro¬ 
gen 7 

19. Upon what evidence is the formula CO given to carbon mon¬ 
oxide ? 

20. What are hydrocarbons 7 Give three examples. 

21. How is methane prepared t What are its properties 7 

22. Give an account of the evidence which lea^ us to assign the 

formulae C 2 H 4 and to methane, ethylene and acetylene 

respectively, 

23. Write the formula for (a) chloroform, ( 6 ) ethylene dibromide, 
(c) calcium carbide. What is the action of water on the last 7 

24. How is ethylene prepared 7 In what important respects does 
its chemical behaviour differ from that of methane 7 

25. Describe the preparation and properties of acetylene. 

26. What is the empirical formula for starch 7 

27. How is starch obtained commercially 7 

28. Describe a test for starch. 

20. Whence is sugar obtained 7 What is its formula ? 

30. Describe the action of yeast upon a solution of sugar. 

31. What is an enzymt 7 Give examples. 

32. What is the formula for alcohol 7 How is alcohol obtained on ^ 
the large scale 7 What is methylated spirit 7 

33. What is the composition of soap 7 How is soap made 7 What 
is its action on hard water 7 

34. ^Vhat is a dame 7 Describe the flames of (a) a candle and {b) 
a Bunsen burner. 

35. How is water-gas made 7 ‘WTiat is it used for t 

36. How does silicon occur in nature 7 

37. What is water-glass ? What is its action in preserving eggs 7 

38. State shortly how the following substances may be prepared 
— silicon, silicic acid, sodium silicate, silicomethane, carborundum. \ 

39. What part is played by carbon dioxide in the life of plants and 
animals 7 

40. Write a short account of the circulation of nitrogen in nature. 

41. What do you mean by photosynthesis 7 

42. What part does chlorophyll take in the feeding-process of plants 7 
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CHAPTER XIX 

THE METALS 

The elements of which the universe is composed may be 
classified into two groups. One group consists of the metals, 
while the other includes all those elements which are not 
metals—the “ non-metals ” You have already studied some 
of the chief non-metals, such as oxygen, hydrogen, sulphur, 
phosphorus and carbon, and you have also some acquaintance 
’ with common metals, for example, tin, magnesium, copper, 
zinc, and aluminium. You would probably not have much 
difficulty in deciding whether a given substance was a metal 
or not, but perhaps you have never asked yourself what 
characteristics you go by in making your decision. Let 
us therefore consider this question, and see if we can frame a 
definition of a metal by finding out what properties all metals 
possess but non-metals do not. 

Properties of Metals. 

1. They have a peculiar lustre, which is so characteristic 

that we usually describe it by calling it simply 

“ metallic.” 

2. They can usually be very highly polished. 

3. They are generally “ heavy ”—that is, they have a high 

specific gravity. 

4. At ordinary temperatures and pressures they are all 

j solids—with the exception of mercury. 

5. Electricity and heat can pass through them very readily, 

i.e. they are good conductors of electricity and heat. 

6 . They have, as a rule, high melting-points and boiling- 

points. 
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7. They can be hammered out into thin sheets, t.e. they 

are malleable. 

8 . They can be drawn out into wire, t.e. they are ductile. 

9. They will usually stand a pretty strong puU before they ^ 

break, t.e. they have great tensile strength. 

10. Their normal oxides are usually basic (p. 178), t.e. 

they react with an acid to form a salt + water. 

11. Their chlorides are true salts and are not decomposed 

by water. 

If we compare these properties with those of non-metals, 
we shall find that there are important differences. 

Properties of Non-Metals. 

1. They do not have a metallic lustre. 

2. They cannot be highly polished. 

3. Their specific gravities are usually low. ^ 

4. At ordinary temperatures, many of them are gases. 

5. They are poor conductors of heat and electricity. 

6 . Generally they have low melting-points and boiling- 

points. 

7. They are not malleable. 

8 . They are not ductile. 

9. They have but little tensile strength. 

10. Their normal oxides are usually acidic (p. 178), «.«• 

when dissolved in water they form acids. 

11. Their chlorides are not salts, and very often are decom-* 

posed by water (e.g. phosphorus pentachloride and 
water, p. 284). 

Another point in which metals differ from non-metals is 
that the former are generally “ sonorous ”—that is, a sheet 
or bell of metal when struck emits a musical note. Non- 
metals are not sonorous. 

Mixtures of metals, such as brass (p. 409), bronze (p. 409),) 
etc., are called alloys. 

If an element shows all the properties which have been 
mentioned above as characteristic of metals, we can describe 
it with certainty as a metal. Similarly, any element which 
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shows all the above properties of non-metals is certainly a 
non-metal. We often find, however, that an element shows 
some of the properties of metals and some of the properties 
of non-metals. In cases of this sort, we have to decide which 
'properties are the more important, and decide on these 
grounds. Otherwise, as in cases of special difficulty, we call 
such elements metalloids, to indicate that while they are 
*’ like metals ” they cannot definitely be regarded as true 
metals. Examples of metalloids are arsenic and antimony. 

In elementary work, no real difficulty arises. We shall, 
however, find that sodium, the first metal we shall study, 
is soft, has a low melting-point, and a low specific gravity, 
and very little tensile strength. Still, it has a metallic 
lustre, it can be made to take a high polish, it is malleable 
and ductile, it is a good conductor of heat and electricity, 
it forms a basic oxide and its chloride is a true salt. There 
I is therefore no doubt about its being a metal. 

What are the most important properties of metals from this 
point of view of classification ? In practice, if an element 
forms a basic oxide and a chloride which is a true salt, we can 
be quite certain that it is justifiable to call the element a 
metal. As a matter of fact, if it has the two properties just 
mentioned, it will usually have the others as well. Difficulty 
arises when an element shows some of the other properties 
but not these two. We see, in fact, that the distinction 
between metals and non-metals is one made by man for his 
“■own convenience. Nature does not recognize our schemes 
of classification, and cares not at all for the limitations of our 
intelligence. 

Action of Metals upon Water.—Certain metals have an 
action upon water. It generally results in the liberation of 
hydrogen and the formation of the oxide or hydroxide of 
the metal. The conditions under which the action occurs 
^vary with different metals. Thus metallic potassium (a 
metal like sodium) acts upon water in the cold. Heat is 
given out and hydrogen is evolved. Potassium is lighter 
than water, and therefore floats. It is melted by the heat 
of the reaction, and runs about on the surface of the water 
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as a molten globule. The hydrogen which comes off is 
ignited by the high temperatiire produced, and burns with 
a flame which, instead of being blue, is coloured lilac owing 
to the fact that part of the potassium burns as well. Tbe 
solution left has a slimy feel, will turn red litmus blue, and^ 
contains potassium hydroxide, KOH— 

2 K + 2 H 2 O = 2KOH + Ha- 

With sodium, a similar reaction occurs. The heat evolved " 
is sufficient to melt the sodium, which runs about as a molten 
globule, but not to ignite the hydrogen unless hot water is 
used (or unless the sodium is dropped on filter-paper floating 
on water), when the hydrogen burns with a flame colomed 
golden yellow by the sodium in it— 

2Na + 2 H 2 O = 2NaOH + Hj. 

The solution left contains sodium hydroxide, NaOH, which 
closely resembles potassium hydroxide (see p. 378). 

Metallic calcium also acts upon cold water, but its specific 
gravity is greater than 1, so it sinks to the bottom. Hydrogen 
comes off", and the calcium is converted into calcium hydroxide 
(slaked lime), part of which dissolves in the water, forming 
lime-wat^— 

' Ca + 2HaO = Ca(OH)8 + H,. 

Calcium 

hydroxide. 

Magnesium has no appreciable action on cold water, but_ 
it slowly attacks boiling water, and burns readily in steam, 
forming magnesium oxide, MgO (not hydroxide), and liber¬ 
ating hydrogen— 

Mg + H'aO = MgO + Ha. 

Fig. 101 shows a piece of magnesium ribbon burning in 
steam. Water is boiled in the flask, and the spiral of ribbon 
is ignited and then plimged into the steam. The magnesium, 
bums brilliantly and hydrogen is evolved, which may be 

collected over water as shown. 

Copper has no action on either water or steam. Iron has 
no action on pure water, but if heated in a current of steam 
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it is converted into an iron oxide, Fe 904 {magnetic oxide oj 
iron), while hydrogen is liberated— 

3Fe + 4 H 2 O = Fe^Oi + 4 H 3 . 

A remarkable feature of this reaction is that it is reversed 
, if hydrogen is passed over heated iron oxide, iron and steam 
being formed— 

FeaO* + 4H3 = 3Fe + 4HaO. 

This may appear rather strange at first, but we can explain 
it in the following way. Suppose that we had 300,000 men 



Fio. 101.—Action of Magnesium upon Steam. 


^at Bristol and we wanted to transport them to London by 
rail. The rate at which we could do so (which we may 
measure by counting the number of men deposited in London 
in 1 hour) would obviously depend upon (a) the number of 
trains we had at our disposal, and (6) the speed at which they 
moved. Suppose, in addition, that the men on arrival in 
London were anxious to get back to Bristol. If we swept 
them out of Paddington so that they coidd get no trains, and 
y no other means of locomotion were available, they would 
not be able to manage it. 

On the other hand, suppose we let them stay freely at 
Paddington, cut off all the trains from Bristol, and put on 
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several trains to Bristol. It is clear that the men could then 
get back quite easily, but that no more could come up. 

A little thought will show us that there is a third possibility. 
Suppose we had similar trains running each way at the same 
speed, but twice as many towards London as army from it. 
Suppose also, that the men, on arrival at either London ovf 
Bristol, immediately took the next train back again and so 
on. If we started with 300,000 men at Bristol, what would 
happen ? Well, as soon as the first trains arrived at London, 
men would begin to come back to Bristol again. We should 
never be able to get them all at London at the same time, for 
as soon as they arrived they would begin to go back again. 
After a time we should find that (excluding the men actually 
in the trains) there would always be a certain number of men 
at Bristol and a (different) certain number at London. How¬ 
ever long we went on, these numbers would not change, though 
of course the individual men would be constantly changing. 
We could say, in fact, that we had reached a state of equilibrium^ 

Now, from this rough analogy, we may be able to under¬ 
stand the puzzling problem of the iron, steam, iron oxide and 
hydrogen. 

Suppose we are heating iron in a current of steam. The 
iron attacks the steam and takes out its oxygen, leaving the 
hydrogen. Hydrogen, however, is very fond of oxygen, 
and is not likely to give it up without a fight. We may 
imagine that it would attack the iron oxide if it had the 
chance and try to get the oxygen back. But it never has^ 
this chance, for the stream of steam sweeps it away as soon 
as it is formed. It is like the men who arrived at London and 
were turned out of the station as soon as they arrived so that 
they had no chance of getting back. Hence after a time all 
the iron has been converted into iron oxide. 

Suppose, now, we take iron oxide and heat it in a current 
of hydrogen. In these circumstances, the hydrogen is able 
to get its own back. It begins to combine with the oxygen 
of the oxide, forming steam and setting the iron free. Th«i 
steam has no chance to retaliate, as it is swept away by the 
current of hydrogen. 


THE METALS 


369 


Lastly, suppose we were to heat some iron and steam in a 
closed vessel. What would happen then ? Well, the iron 
and steam would react to form iron oxide and hydrogen, but 

soon as these were formed they would act upon one another 
to give iron and steam, and so on. At first, when there was 
a large excess of the iron and steam, the rate at which iron 
oxide and hydrogen were formed would be very great, but 
the rate of the reverse action would be slow. However, the 
more iron oxide and hydrogen there became, the greater would 
be the rate at which they could react to form iron and 
steam. 

Hence, the rate of formation of iron oxide and hydrogen 
gradually diminishes from the start, while the rate of forma¬ 
tion of iron and steam gradually increases. At length these 
two rates become equal. In other words, just as much iron 
pxide will be formed in a given time as is split up in that time. 
At this stage, therefore, there will be no apparent change 
taking place, since the relative proportions of iron, iron oxide, 
steam and hydrogen will remain constant. An equilibrium 
will, in fact, have been set up. Of course, the molecules of 
iron oxide present at one instant are not all the same molecules 
of iron oxide which were there at the previous instant, but 
there is the same number of them, and hence for all practical 
purposes the composition of the mixture remains constant 
when equilibrium has been set up. 

You will find more about reversible reactions in Chapter 
XII. 

Action of Acids upon Metals.—An important part of 
any course in elementary chemistry is the investigation of 
the action of the three mineral acids, sulphuric, hydrochloric, 
and nitric, upon metals. We may regard as typical the 
reaction which occurs when a metal dissolves in a dilute acid, 
yielding a salt of the metal and liberating hydrogen, e.g .— 

Mg + H^SO* = MgSO* + H,. 

Common metals which dissolve in cold dilute sulphurio 
acid or hydrochloric acid in this way are magnesium, zinc, 
and iron— 
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Mg + 2HC1 = MgCl, + Hj. 

Zn + HjSO* = ZnS 04 H- Hj. 

Zn + 2HC1 = ZnClg + H,. 

Ee + H 2 S 04 = FeSO* -j- H*. - 

Fe + 2HCI = FeClg + H*. ^ 

Tin is insoluble in dilute sulphuric acid and also in cold 
dilute hydrochloric acid. It- will, however, dissolve in hoi 
hydrochloric acid, hydrogen and tin chloride {stannous chlor¬ 
ide, SnClg) being formed— 

Sn + 2HCI = SnCla + H,. 

Concentrated sulphuric acid will, as a rule, not dissolve metals 
in the cold. On heating, however, vigorous action may occur, 
but the gas evolved is not hydrogen—it is sulphur dioxide, 
SOj. We may imagine that hydrogen is first formed, in the 
usual way, but that it then reduces the hot concentrated acid* 
to sulphur dioxide, being itself oxidized to water— 

Ha + HaSO. = 2HaO + SO,. 

Certain metals, such as copper and mercury, which are not 
attacked by the cold dilute acid, are readily dissolved by the 
hot concentrated acid— 

Cu + 2 H,S 04 = CuSO* + 2 H 2 O + SO,. 

Hg + 2H,S04 = HgSO* + 2H,0 + SO,. 

Also Zn + 2 H,S 04 = ZnSO, + 2H,0 + SO,. 

% 

The action of concentrated sulphuric acid upon copper is 
made use of in the preparation of sulphur dioxide in the 
laboratory (p. 300). 

Nitric Acid. —For an account of the action of nitric acid 
upon metals, see p. 272. Owing to the fact that nitric acid 
is such a powerful oxidizing agent, the hydrogen which is per¬ 
haps liberated in the first instance is immediately oxidized to 
water, the nitric acid therefore being reduced to one or mor^ 
of its many reduction products—oxides of nitrogen, nitrogen' 
itself, or even ammonia. 

Metallic Salts.—See p. 186, also revision notes, p. 442. 

Oxidation of Metals.— All metals form oxides—even the 
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noble metals gold and silver. Many metallic oxides can be 
obtained by direct combination of the metal with oxygen, 
that is, by heating the metal in a stream of oxygen or air. 
In other cases, they have to be prepared by an indirect method. 
I Magnesium .—^Rlagnesium is a silvery-white metal which 
rusts slowly in damp air, being converted into its oxide, 
MgO. This is a white powder, which can be obtained much 
more readily by heating magnesium in air or oxygen. The 
magnesium takes fire and burns with a very brilliant flame, 
leaving the oxide as a white ash— 

2Mg + O, = 2MgO. 

We see from the equation that 48 grams of magnesium would 
require 32 grams (or 22-4 litres at N.T.P.) of oxygen (or, of 
course, about 5 times that quantity of air). 

Zinc .—Zinc is fairly stable in the air, and rusts only 
,extremely slowly. For this reason it is used to coat iron 
objects (“galvanized iron”). When zinc is exposed to the 
action of moist air for a long time it is converted into a white 
rust, which is a mixture (or compound) of zinc oxide, ZnO, 
with zinc carbonate (ZnCOa). 

If heated strongly in the air, zinc takes fire and burns 
with a greenish-blue flame, forming clouds of the very light 
zinc oxide, known as philosophers’ wool — 

2Zn + Oj = 2ZnO. 

^ Iron .—The fact that iron rusts when exposed to the air 
is known to every one. Investigation has shown that both 
air and moi.sture are necessary for rusting to occ\ir. Thus, 
when bright iron is exposed to dry air {e.g. in a desiccator), it 
remains bright indefinitely, while if it is sealed up with water 
in a flask from which all air has been extracted, again no 
rusting occurs. The essential action in rusting is the com¬ 
bination of iron with oxygen to form iron oxide, FejO, 
l^erric oxide); but a film of liquid water is said to be 
essential as well. At any rate, the brown powder into 
which iron crumbles when it is exposed to ordinary damp 
air consists mainly of ferric oxide loosely combined with 
more or less water—FeaOa.xHjO. 
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When iron is strongly heated in air, it quickly oxidizes to 
a different oxide, namely, magneiic oxide of iron, FejOi— 

3Fe + 20j = FejO,. 

When formed in this way, the magnetic oxide of iron is some- ’ 
times known as “ smithy scales.” Its chemical name is 
ferroso-ferric oxide, since it is regarded as a compound of ferrous 
oxide, FeO, with ferric oxide, FejOj (Fe 304 = FeO.FcjO,). 
The same oxide is formed in Ingen-housz’s experiment, that 
is, the burning of iron in oxygen. 

Copper .—Copper is unchanged in dry air, but in moist air 
it gradually becomes converted into a green mass composed of 
copper sulphate or chloride and copper hydroxide, Cu(OH)j. 
(It should, however, be stated that the surface of ordinary 
copper, which is brownish, is due to the fact that the copper 
has become coated with a thin film of the oxide, which pro¬ 
tects the rest of the metal from oxidation. A clean surface^ 
of pure copper has a rosy colour, and quickly tarnishes in 
the air, owing to the formation of the film of oxide.) 

When copper is strongly heated in the air, it is oxidized. 
On the surface, oxidation proceeds as far as the black cupric 
oxide, CuO, while inside it usually goes no farther than the 
reddish-brown cuprous oxide, CujO. Only by very prolonged 
heating in air is copper completely converted into cupric oxide, 
hence, if you are asked how to determine the equivalent of 
copper, do not say ” by taking a known weight of copper,^ 
heating it in' air, and weighing the cupric oxide formed.” 
Life is too short. 

Lead. —Lead, which, when pure, is a silvery-white metal, 
is unattacked by dry air. In moist air it rapidly rusts, but 
on the surface orily. The film of rust which is formed (consist¬ 
ing of lead hydroxide, Pb(OH)8, and lead carbonate, PbCO») 
protects the underlying metal from further action. 

When lead is heated in air it melts (327*), and the molte^ 
metal soon becomes covered with a greyish powder. Oo 
further heating and stirring, the whole of the metal is quickly 
converted into a yellow powder known as massicot (PbO). 
This can be melted by increasing the temperature ; on cool- 
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ing it solidifies to a solid which, when powdered, is known 
as litharge —it is still lead monoxide, PbO. 

If litharge is roasted in a current of air at about 400° it 
is converted into a red crystalline powder known as red lead 
pr minium. Minium, which has the formula PbjO,, has been 
ipsed from very remote times as a red pigment—whence our 
word miniature (Italian miniare, to paint in minium)^ 

6 PbO + Oa = 2Pb304. 

When heated to nearly 500°, red lead splits up again into 
litharge and oxygen, so that the above reaction is reversible— 

2Pb304 ^6PbO + Oa. 

Red lead may be regarded as a compound of litharge 
with lead peroxide or dioxide, PbOa (PbjO* = Pb 02 . 2 Pb 0 ). 
When it is acted upon by concentrated nitric acid it yields 
lead nitrate, while the dioxide is left— 

Pb^O. + 4 HNO 3 = 2Pb(NO,)a + 2HaO + PbO.. 

Since lead nitrate is soluble in water, it can be dissolved, 
and the dioxide, which is insoluble, can be filtered off, washed 
and dried. 

Lead dioxide, PbO., is a powerful oxidizing agent. 

Mercury .—When mercury is heated in air to a temperature 
just below its boiling-point it is slowly converted into mercuric 
oxide, HgO— 

2Hg + O. = 2HgO. 

This reaction was probably known to Zosimus (third or 
fourth century, a.d.), and is clearly described by the Arab 
who wrote a text-book of chemistry, called The Sage's Step, 
in Spain, in the twelfth century. 

When mercuric oxide is heated further, its red colour 
cjianges to black and it splits up again into mercmy aud 
cfeygen— 

2HgO = 2Hg + O.. 

(Cf. Lavoisier’s work, p. 167.) 
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SoDrtru 

Symbol : Na ; Atomic Weight : 23 ; Valency : 1 ; Melting* 
point : 96° ; Specific Gravity : 0'97. 

History and Occurrence,—Sodium is very chemically 
active, hence it is not found free in nature. In the form of 
its chloride, NaCl, common salt, it is widely distributed in 
large quantities. Vast deposits of salt occur in England, 
Germany, Austria, and many other countries, while in solution 
it is found in the sea and in salt-lakes and salt-springs. Large 
beds of sodium nitrate, NaNO,, or Chile saltpetre, are found 
in Chile and other parts of South America. Sodium carbonate 
or natron, Na^COs, occurs in Egypt, East Africa, and Aus¬ 
tralia. Sodium was first prepared in 1807 by Sib Humphby 
Davy, You may have heard the lines (not the author’s)— 

“ Sir Humphry Davy 

Abominated gravy. , 

He lived in the odium 1 

Of having discovered sodium.” 

Davy obtained sodium by melting some caustic soda (NaOH) 
in a platinum crucible, connected to the positive pole of a 
. _. battery, and then insert- 



■Piatimon Wire (Cathode) 


Plattmim CruciMe 
(Anode) 

Fused Caustic Soda. 


ing into the fused mass 
a platinum wire con¬ 
nected with the negative 
pole of the battery. The 
caustic soda was thus- 
electrolysed, and split up 
into oxygen (at the 
anode) and sodium and 
hydrogen (at the cath¬ 
ode). Small metallic 
globules of molten sodium 
rose to the surface of 
the caustic soda, an<i 
took fire on reaching 
the air, burning with a golden-yellow flame. 

Manufacture.—Davy’s method is that still employed 


Fic. 102.—Davy’s Apparatus for 
obtaining Sodium. 
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commercially for obtaining sodium, except that the apparatus 
is of course much larger and different in detail. The current, 
too, is derived from a generator, and not from a battery. The 
caustic soda is placed in a large iron pot, through the bottom 
pf which an iron rod sticks up. This rod is the cathode. 
Burrounding (but of course not touching) the cathode is a 
nickel tube which is made the anode. 

The oxygen and hydrogen which are obtained as by-products 
are in themselves quite valuable, and help to make the process 
pay. Most of the sodium of commerce is. converted into 
sodium cyanide, NaCN, which is used in the extraction of gold. 

Properties.—Sodium is a soft, silvery metal which can 
easily be moulded between the fingers. It is readily attacked 
by moist air, a freshly-cut surface—which at first has a bright 
metallic lustre—rapidly rusting over and becoming dull. 
This is due to the formation of a film of sodium monoxide, 
Na*0, which is afterwards converted, by the moisture and 
carbon dioxide of the air, into sodium hydroxide, and then 
sodium carbonate — 


(i) 4Na + Oj = 2Na20. 

(ii) Na^O -f HsO = 2NaOH. 

(hi) 2NaOH -f CO* = Na.CO, + H,0. 

Sodium is therefore kept in air-tight tins, the lids of which 
have been soldered on, or—in smaller quantities, as in the 
laboratory—in petroleum, which contains no oxygen. 

When heated in air or oxygen, sodium first melts (90®) and 
£hen takes fire, burning with a bright yellow flame and forming 
sodium peroxide, NajO*— 


2Na + Oa = NagOa. 

For the action of sodium on water, see p. 366. 

Sodium amalgamJSodium amalgam (written Na/Hg) is a 
solution of sodium in mercury. It is made by pressing 
Bcdium under mercury. When added to water it sinks to 
^e bottom, and a steady stream of bubbles of hydrogen 
comes off, the sodium reacting with the water and leaving the 
mercury unchanged. 

Compounds of Sodium.—^T he principal compounds of 
* N 
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sodium are t]ie peroxide, hydroxide, chloride, carbonate, sulphate, 
and nitrate. 

Sodium peroxide, NajOa, is made by burning sodium in 
dry air from which all carbon dioxide has been removed— 

2Na -f- Oj = NajOa- I 

It is a yellowish solid, and is a powerful oxidizing agent. 
Even in the cold, it reacts vigorously with water, forming 
oxygen and sodium hydroxide— 

2Na202 + SHaO = 4NaOH = O,. 

This forms a convenient method of preparing oxygen in 
the laboratory. 

Sodium hydroxide, NaOH, is alternatively known as 
caustic soda. It is one of the commonest and most impor¬ 
tant chemicals in the laboratory, and is a white, crystalline, 
deliquescent solid which dissolves in water to form a strongly 
alkaline solution. The solution turns red litmus blue, pink 
methyl orange yellow, and colourless phenolphthalein pink. 
Some of its chief properties have been discussed already (p. 186). 

Caustic soda can be made in the laboratory by boiling a 
10 per cent, solution of sodium carbonate with excess of 
lime— 

Na^COa + CaCOHla CaCO, 4' + 2NaOH. 

The action is reversible, that is, under certain conditions, 
sodium hydroxide will act upon calcium carbonate, giving 
sodium carbonate and lime. Hence the experiment has to. 
be so arranged as to prevent the backward reaction as far as 
possible. This is done by using an excess of lime—much more 
than is required by the equation—and also by keeping the 
liquid hot, since the backward reaction proceeds best in the 
cold. 

The calcium carbonate, which is precipitated, is filtered off 
together with the excess of lime, and the clear filtrate is 
evaporated. On concentration, any lime which has dissolvec^. 
separates out, and can be removed by a second filtration. 
The filtrate of caustic soda solution is then heated in iron 
pots until all the water is driven ofi. This requires a tempera- 
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ture higher than that of the melting-point of caustic soda, and 
the latter is therefore left as a liquid. It is run off and either 
sealed up in metal drums or cast, in moulds, into the thin 
sticks or pellets so familiar in the laboratory, 
i Other manufacturing processes are electrolytic, and it is 
by these that most of the caustic soda of commerce is made at 
the present day. Generally a concentrated solution of com¬ 
mon salt is electrolysed in a cell of special form (cf. p. 222). 
Chlorine is evolved at the anode, which is made of carbon, 
and sodium is liberated at the cathode. The sodium, however, 
immediately attacks the water present, and forms caustic 
soda, with liberation of hydrogen— 

2Na + 2H*0 = 2NaOH + H*. 

The hydrogen is led off through a pipe, dried, compressed, 
and stored in steel cylinders. The solution of caustic soda 
is evaporated and the caustic soda obtained as described 
kbove. It should be noted that all the products of this 
electrolytic operation are valuable, for the chlorine is used for 
bleaching, etc. (p. 215), and the hydrogen is used for making 
margarine or for other purposes. Only by making all their 
by-products commercially useful m some way can chemical 
manufacturers make their processes pay and at the same time 
keep prices low. 

In the laboratory, caustic soda can be made in the first 
way described, or by adding little pellets of sodium carefully 
* to distilled water. 

Properties.— That caustic soda is crystalline can be seen 
by snapping a stick of it and looking at the broken surfaces. 
If caustic soda is left exposed to the air it deliquesces (p. 197), 
but after a time the liquid so formed goes sohd again, owing 
to the absorption of carbon dioxide from the air, resulting in 
the formation of sodium carbonate— 

2NaOH + COa = NaaCO, + HjO. 

« Caustic soda is very soluble in water, heat being evolved 
during the dissolution. The solution is strongly alkaline, 
and has a slimy feel owing to the fact that it dissolves the 
outer layers of the skin. When caustic soda solution is added 
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to solutions of salts of metals which form Insoluble hydroxides, 
the latter are precipitated, e.g .— 

CUSO 4 + 2NaOH = Na 2 S 04 + Cu(OH )2 'I' (blue ppt.) 
Pb(N 03)2 + 2NaOH = 2 NaN 03 + Pb(OH)j 'I' (white ppt.) ^ 
FeCls + 3NaOH = 3NaCl -j- Fe(OH )3 4" (red-brownppt,). 

In the case of silver, which does not form a hydroxide, the 
oxide is precipitated— 

SAgNOs + 2NaOH = 2 NaN 03 + HgO + AggO 4' (brown 

ppt.). 

If heated with an ammonium salt, caustic soda liberates 
ammonia, e.g .— 

NH 4 CI + NaOH = NaCl + HgO + NHg. 

Caustic soda is used in the laboratory for preparing metallic 
hydroxides, for absorbing carbon dioxide and sulphur dioxide^ 
for the titration of acids in volumetric analysis, for preparing 
ammonia and marsh-gas, and for many other purposes. 
Commercially it is used in making soap, which, together with 
glycerol, is obtained^hen mutton-fat is boiled with caustic 
soda solution. Mutton-fat is a compound of glycerol with 
an acid called stearic acid. When boiled with caustic soda 
solution, it is split \ip, the glycerol being liberated and the 
stearic acid being left as sodium stearate, CiyHgg.COONa, 
which is ordinary “hard” soap. “Soft” soap—formerly, 
much more widely used than at present—is potassium 
stearate. 

Caustic soda is also used (a) in the manufacture of glass, 
( 6 ) in the dye industry, and (c) in the artihcial silk industry, 
as well as for many other purposes. 

Sodium chloride or common salt, NaCl, is well-known 
to every one. It is a white solid, crystallizing in cubes, and 
has no water of crystallization. It is obtained commercialiv ’ 
by evaporating brine, or sea-water, as well as by direct mining/' 
In the laboratory it can be made by (a) burning sodiuih 
in a stream of chlorine, 2Na + Clj = 2NaCI. or ( 6 ) by neutral¬ 
izing caustic soda with hydrochloric acid, NaOH + HCl = 
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NaCl + HgO, or (c) by acting upon sodium carbonate with 
hydrochloric acid— 

Na^COa + 2HC1 = 2NaCl + H 3 O + COa. 

^ Salt can be pursued by making a cold saturated solution 
Of it and passing a stream of hydrogen chloride into the 
solution, when pure sodium chloride is precipitated. 

Many uses of salt are common knowledge. It is, in addi¬ 
tion, the starting-point for the production of practically all 
the sodium and chlorine compounds (except sodium nitrate) 
used in commerce. 


Sodium carbonate, Na^COj,—Ordinary washing-soda is 
sodium carbonate decahydrate, NasCOa.lOHjO. By the 
action of heat, the water of crystallization may be driven 
off, when a white powder, anhydrous sodium carbonate, 
NajCOa, is left. This is sometimes known as soda-ash. Wash- 

e g-soda crystals, if their faces are perfect, remain unchanged 
the air, but if they are scratched the crystals effloresce 
(p. 197), and gradually fall to a white powder, which is not 
the anhydrous salt but the moTio-hydrate, NagCOa.HgO. 

In solution, sodium carbonate reacts alkaline, since carbonic 
acid is such a weak acid. Dilute acids act upon sodium 
carbonate, causing liberation of carbon dioxide and formation 
of the sodium salt of the acid employed, e.g .—• 

Na.CO, + 2HC1 = 2NaCl -h H^O + CO,. 

Na,CO, -f 2HNO, = 2NaNO, + H,0 4 - CO,. 

' Na,CO, + HjSO, = Na^SO, + H,0 + CO,. 


Since sodium carbonate is alkaline, it can be estimated in 
solution by titration with a standard acid, if an indicator 
unaffected by carbon dioxide (e.g. methyl orange) is 
used. Litmus itself may be used if the solution is boiled, 
so as to drive off the carbon dioxide and thus prevent its 
action on the litmus. From the above equations it is 
clear that the equivalent of anhydrous sodium carbonate 
7» 46 + 12 -t- 48 

^ 2 - ^ washing soda will of course 

bo ^ + 12 +48 + 180 _ 
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Sodium carbonate is manufactured by saturating a con* 
centrated solution of salt with ammonia and then allowing it 
to flow down a tower up which a stream of carbon dioxide 
is blown. In this way, sodium bicarbonate and ammonium 
chloride are formed. The equation is quite easy to remember^ 
as only 1 molecule of each substance is required— 

NHa + HaO + NaCl COa = NH,C1 + NaHCOa- 

The sodium bicarbonate is not very soluble, and thus 
separates out. It is filtered off and heated, when it decom¬ 
poses into sodium carbonate, water, and carbon dioxide— 

2 NaHC 03 = NajCOa + H^O + COa- 

From the soda-ash thus obtained, washing-soda can be 
made, if desired, by dissolving it in water and evaporating 
the solution to the point of crystallization. 

One of the chief points of interest in tliis process (which is 
known as the Solvay or Ammonia-Soda process) is its self) 
contained nature. Thus, the carbon dioxide is prepared by 
heating lime-stone in a lime-kiln— 

CaCOa = CaO - 1 — COg, 

and the other product, lime, is used to regenerate the ammonia 
from the ammonium chloride formed— 

CaO + 2 NH 4 CI = CaCl, + 2 NH 3 + HgO. 

The carbon dioxide evolved when the sodium bicarbonate is 
heated is of course used again ; the equations show that, in a 
single operation, half the original amount of carbon dioxide 
is converted into sodium carbonate and the other half regained 
as gas. 

The only waste product is therefore calcium chloride. 

Formerly, much sodium carbonate was prepared by a 
process, now obsolete, invented by the Frenchman, Leblanc 
(1742-1806). This consisted in heating salt with sulphuric 
acid, to form sodium sulphate, and then heating the sodium 
aulphate with carbon (coke) and limestone (CaCOa). Tno 
carbon reduced the sodium sulphate to sodium sulphide, 
NagS, and this then reacted with the limestone to form sodium 
carbonate and calcium sulphide. As the latter is insoluble. 
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the sodium carbonate could be obtained from the mixture 
by extraction with water. The equations for the various 
actions are as follows : 

, I / + H 2 SO 4 = NaHSO. + HCl. 

' ■ l(ii) NaHSO, + NaCl = Na^SO* + HCl. 

jj ( (i) Na^SO* + 2C = Na^S + 200^. 

Uii) NajS + CaCOj = NaaCO, + CaS. 

The process was kept alive long after sodium carbonate 
could be made more cheaply by the Ammonia-Soda process 
by the facts (a) that the hydrochloric acid is an extremely 
valuable by-product, and ( 6 ) that nitric acid manufacturers 
produce thousands of tons of sodium bisulphate, which found 
a ready market in the Leblanc process (cf. Equation I. (ii)). 

Sodium bicarbonate, NaHCOa.—When carbon dioxide is 
passed into caustic soda solution, it is absorbed. First of 
^ 11 , sodium carbonate is formed— 

2NaOH + COj = Na.CO, + H^O. 

Further action of carbon dioxide results in the formation 
of sodium 6 icarbonate— 

NajCO, + H 2 O + CO 2 = 2 NaHC 09 . 

Sodium bicarbonate is a white crystalline solid with a 
neutral reaction in solution. It is used as a baking-powder, 
since on heating it loses carbon dioxide, which makes the 
^ough “ rise ”— 

2NaHC03 = NajCOa + H^O + CO^. 

The reaction represented by this equation affords a con¬ 
venient means of preparing pure anhydrous sodium carbonate 
for analytical work in the laboratory. 

Dilute acids act upon sodium bicarbonate, carbon dioxide 
being evolved— 

^ NaHCOa + HCl = NaCl + H^O + CO,. 

If treated in solution with the calculated quantity of 
caustic soda, it is converted into the normal carbonate— 

NaHCO, + NaOH = NaaCO, + HaO. 
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Sodium sulphate, Na 2 S 04 , may be made by any of the 
general methods used for preparing salts (p. 442), but is 
generally obtained by strongly heating salt with concen¬ 
trated sulphuric acid. At a lower temperature, only the 
6t-sulphate, NaHS 04 , is obtained— ^ 

High temp. 2NaCl + H^SO* = + 2HCI. 

Lower temp. NaCl + HaS 04 == NaHS 04 4- HCl. 

When crystallized out from its solution in water, sodium 
sulphate separates as its deca-hydrate, Na2SO4.10H2O. This 
is known as Glauber’s salt, after its discoverer, John 
Rudolph Glauber (1604-68). He called it sal mirahile, 
and ascribed to it all kinds of wonderful healing proper¬ 
ties. It is still widely used as a purgative, though the 
habit of taking it—or any similar salt or mixture of salts— 
regularly is a very pernicious one, and may lead to a very 
different sort of feeling from that which is so widely advertised.^ 

Sodium nitrate, NaNOa, occurs naturally as Chile salt¬ 
petre (p. 374). The crude nitrate, known locally as caliche, 
contains sodium iodate (p. 241) from which it is purified by 
fractional crystallization from water. The sodium iodate 
remains in the mother-liquors, and is used as a source of 
iodine. 

Sodium nitrate is very largely used (about 4,000,000 tons 
per annum) as a fertilizer for plants {e.g. sugar-cane, banana, 
cereals). It is applied to the growing crop as a top-dressing in 
the spring ; its effects last for one year only, since it is so soluble 
that it is all leached out of the soil by the winter rains. It is 
also used in the manufacture of nitric acid and potassium 
nitrate. 

Sodium nitrate is a white deliquescent crystalline solid. 
When strongly heated it loses oxygen, and is converted into 
sodium nitrite, NaNO#— 

2NaNOa = 2NaNOa + Oj. 1 

Sodium nitrite is a pale yellow crystalline solid, readily 
soluble in water. Dilute acids act upon it, causing evolu- 



POTASSIUM 385 

tion of oxides of nitrogen. It is cliiefly employed in the 
manufacture of aniline dyes. 

Potassium 

^ Symbol : K ; Atomic Weight : 39 ; Valency : 1 ; Melting- 
point : 62® ; Specific Gravity: 0-87. 

The Arab chemists of the early Middle Ages obtained a 
white crystalline solid by burning plants, stirring up the 
residue with water, filtering, and evaporating. This solid, 
now known as potassium carbonate, they called al-qali, “ the 
ash,” whence our word alkali (which should really be alqali) 
and the Liatinized name kaliitm for potassium. The mystery 
of the symbol K for 1 atom of potassium, which may have 
puzzled you, is thus explained. The word potash comes 
from the custom of concentrating the solution of the ash in 
pots. 

( In most of its chemical and physical properties, potassium 
is closely similar to sodium, and this similarity extends also 
to the compounds of the two elements. One striking differ¬ 
ence, however, is that sodium and its compounds colour a 
Bunsen flame golden-yellow, whereas potassium and its com¬ 
pounds give a lilac coloration. 

The principal sources of potassium and potassium salts 
are the vast saline deposits at Stassfurt in North Germany. 
These deposits are considered by geologists to consist of the 
► salts left by the drying-up of an inland sea. The chief potas¬ 
sium compound in them is carnallite, KCl.MgCli.eHjO, from 
which most of the world’s supply of potassium and its com¬ 
pounds is made. 

Potassium hydroxide, chloride, carbonate and bicarbonate 
are very similar to the corresponding sodium compounds, 
except that potassium carbonate is deliquescent, and forms a 
wono-hydrate instead of a deca-hydrate, while potassium 
I bicarbonate is much more soluble than sodium bicarbonate. 

Potassium nitrate, KNO 3 , or nitre or saltpetre, is found 
in the soil of certain tropical countries, such as India (*' Indian 
saltpetre ”). It is made by the bacterial oxidation of nitro- 
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genous animal refuse in the presence of wood-ashes ; this 
process is a regular industry in India. 

It is also manufactured from Chile saltpetre, NaNOg, by 
adding this compound to a hot concentrated solution of 
potassium chloride, when “ double decomposition ” occurs— r 

NaNOa + KCl = KNO, + NaCl. 


By regulating the concentrations, the comparatively 
sparingly-soluble sodium chloride can be made to separate 
practically completely. After removal of the salt the solu¬ 
tion is allowed to cool, when the potassium nitrate crystallines 
out. 

Potassium nitrate forms white anhydrous crystals which 
are soluble in water but are not deliquescent and therefore 
can be used in the manufacture of gunpowder ; sodium 
nitrate, on the other hand, is very deliquescent, and is, 
naturally, useless for this purpose. 

When potassium nitrate is strongly heated it loses oxygen 
and is converted into potassium nitrile — 




2 KNO 3 = 2KNOa -f O,. 


Owing to the ease with which it loses this oxygen, it is a 
good oxidizing agent. 

The solubility curve of potassium nitrate is given on p. 138. 

Potassium chlorate, KCIO,, is manufactured by the 
electrolysis of a hot concentrated solution of potassium 
chloride. The caustic potash formed at the cathode reacts ' 
with the chlorine liberated at the anode, according to the 
equation— 

6 KOH -f 3Cla = 5KC1 + KCIO 3 + SHgO. 

Potassium chlorate is a white anhydrous crystalline solid. 
It is a strong oxidizing agent, and is commonly used in the 
laboratory as a source of oxygen. Its oxidizing powers render 
it a good germicide ; it is therefore sometimes made up into I 
“ chlorate lozenges ” for the cure of sore throat. Mixtures 
of potassium chlorate and sulphur or red phosphorus explode 
very violently when rubbed or struck. 
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Questions 

Who discovered sodium, and when T 

2. How does sodium occur in nature 

^ 3. How is sodium obtained commercially t 

/ 4. Write the formuise for the following compounds of sodium— 

chloride, carbonate, bicarbonate, sulphate, nitrate, hydroxide, per¬ 
oxide, salt, natron, Chile saltpetre, Glauber’s salt. 

6* ^Vrite equations for the following actions : 

Sodixim on water. 

Sodium peroxide on water. 

Carbon dioxide on caustic soda solution. 

Heat on sodium bicarbonate. 

Caustic soda on copper sulphate solution. 

6. How would you prepare caustic soda in the laboratory ? 

How is caustic soda obtained commercially ? 

8- ^^at is soap ? How is it made ? 

9. For what purposes is caustic soda used ? 

I 10. Write equations for the action of (a) hydrochloric acid, (b) 

\ nitric acid, (c) sulphixric acid upon (i) sodium carbonate, (u) sodium 
bicarbonate, (iii) caustic soda. 

11* What weight of sodium carbonate could be obtained from 10 
kilograms of caustic soda, and what volume of carbon dioxide (at 
N.T.P.) would be required for the purpose ? 

12. What volume of carbon dioxide, at 27® C. and 380 mm. pressure, 
could be obtained by heating 42 grams of sodium bicarbonate ? 

13. How is sodiiun carbonate manufactured ? 

14. Given sodium carbonate and the necessary reagents (but no 
other sodium compound), how could you make (a) sodium bicarbonate, 
(6) sodium hydroxide, (c) sodium sulphate, (d) sodium nitrate, (e) 

» sodium nitrite ? What is the action of hydrochloric acid upon (a) f 

15. How is potassium chlorate manufactured ? What is the action 
of heat upon it ? 

16. How coiild you distinguish between potassium chloride and 
aodixun chloride 7 

17. Wliat are the chief characteristics of metals 7 

18. How may metals be distinguished from non-metals ? 

19. Explain the terms malleabU, duclUet conductor, tensile strength, 
bamc oxide, aUoy, metalloid. 

20. Write a short account of the action of metals upon water, 

' ^he actiozxs which occur between (a) steam and iron, 

(o) iron oxide and hydrogen, 

22, What do you mean by a reversible reaction ? Give an example. 

23. Write a short essay on The action of the mineral acids upon 
some common metals,** 
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24. Write a brief account of the action of air and oxygen upon 
magnesium, zinc, iron, copper, lead and mercury. 

25. Write the formulae for (a) cuprous oxide, (6) litharge, (c) minium, 
(d) massicot, (e) reddead, {/) ferroso-ferric oxide, (j;) lead monoxide, 
(/i) smithy scales, (k) cupric oxide, (i) magnetic oxide of iron, (m) ferric 
oxide, (n) ferrous oxide, (o) mercuric oxide, (p) lead dioxide, (g) mag« 
nesium oxide, (r) philosophers' wooL 



CHAPTER XX 

CALCIUM, MAGNESIUM, ZINC. COPPER, IRON 

LEAD 

Calcium 

Si/mbol: Ca ; VaUncy : 2 ; Atomic Weight: 40 ; Melting- 
point: 800®; Specific Gravity: 1*52. 

History and Occurrence.—Metallic calcium is very chemi- 
( cally active, hence the element is not found free in nature. 
It was first isolated by Sir Humphry Davy in 1808, and was 
obtained pure by Mqissan in 1898. Moissan made it by 
heating calcium iodide with excess of sodium_ 

Cal 2 + 2Na = Ca + 2NaI {sodium iodide). 
Compounds of calcium, such as gypsum, quicklime, slaked 
lime and limestone, have of course been known and used for 

thousands of years, since many of them occur naturally in 
large quantities. 

, Calcium carbonate, CaCOs, is the chief calcium mineral. 
This is found amorphous as limestone and chalk, and in various 
crystalline forme as calcite, aragonite, marble, Iceland spar, 
etc. Dolomite, a constituent of many rocks, is a mixture of 
calcium carbonate and magnesium carbonate, MgCOj. 

Calcium is also found in the form of its sulphate. Gypsum 
and alabaster are CaS 04 . 2 H 20 , calcium sulphate dihydrate, 
while anhydrite is anhydrous calcium sulphate, CaSO,. Cal- 
^ cium p^sphate, Ca 3 (P 04 ) 2 , occurs naturally in large quantity. 
Calcium is widely distributed in the soil (chiefly as its car¬ 
bonate), and is found in all plants and animals. Eggshells 
consist largely of calcium carbonate, and calcium salts are 
found in the blood. 
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Preparation.—-Calcium is becoming of importance in 
technical chemistry, and is therefore prepared on a large 
scale by the electrolysis of fused anhydrous calcium chloride, 
CaClg. Chlorine is evolved from the anode, and calcium is 
deposited on the cathode, which is made of an iron rod. f 

Properties.—Calcium is a hard silvery-white metal with 
a slight tinge of yellow. It is not affected by dry air, but in 
moist air it slowly oxidizes, forming calcium hydroxide, 
Ca(OH) 2 , “slaked Ume 

2Ca + Os + 2H80 = 2Ca(OH)2. 

Calcium attacks water in the cold, with evolution of hydro¬ 
gen and formation of calcium hydroxide— 

Ca + 2HaO = Ca(OH)a + H,. 

It has a specific gravity of 1*52 and melts at 800® C. If 
heated in air or oxygen it burns with a reddish flame, forming 
calcium oxide, CaO (quicklime). ^ 

It will dissolve readily in dilute acids, the corresponding 
calcium salt being obtained, e.g .— 

Ca + 2HC1 = CaCU + 

Ca + H^SO* = CaSO, + H,. 

CoarpouNDS op Calcictm. 

Calcium oxide or quicklime, CaO, is formed when the 
metal burns in air or oxygen— 

2Ca -1-0, = 2CaO. 

and when the carbonate or nitrate is strongly heated— 

CaCOa = CaO -hCO,. 

2 Ca(N 03 ), = 2CaO -|- 4N02 + O,. 

Commercially it is made by heating limestone {mineral 
amorphous calcium carbonate) in a lime- kiln .^ 

The hmestone is crushed and mixed with coal or coke. The 
kiln is filled with the mixture which is then lit at the bottom.! 
The lime, in the form of a powder or in small lumps, is removed 
from the kiln and fresh mixture added at the top. Once the 
1 Note that this word is more properly pronounced kill than kiln. 
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kiln is lit it is kept going until it wears out, a period which 
may be as much as ten years. Lime prepared in this way 
contains the ashes of the coal or coke used, but these are 
rarely harmful, and are often beneficial in lime which is used 
for commercial purposes. In kilns of more modern type, the 
heating is effected by the combustion of producer-gas (p 348) 
and the quicklime is then obtained free from ash. 

Calcium oxide is a white amorphous substance very diffi¬ 
cult to melt. It will melt, however, in the electric furnace 
and can even be boiled ! The temperature of the oxyhydrogen 
fiame (p. 162) does not melt it, but merely makes it white- 
hot. White-hot quicklime gives out a very brilliant light 
called the limelight, which is used in lanterns, and was for’ 

merly employed in theatres for illuminating the actors (hence 
the phrase “ in the limelight 


Cob! Bnd iimestone 
Jntrcduccd here 


Exit ^or 
//me 



Exit for 
carbon d/ax/do 


Ex/t for 
//me 


Fio. 103,—Lizne-kilQ* 


Calcium oxide will dissolve in dilute acids, yielding the 
corresponding calcium salt, and water— 

\ CaO + HjS 04 = CaSOi + H^O. 

CaO + 2HC1 = CaCls + HjO. 

CaO + 2 HNO 3 = Ca(N 03)2 + H^O. 

When water is added to quicklime, the Ume gets very hot. 
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and calcium hydroxide or slaked lime, Ca(OH)s, is 
formed. If the quicklime is in lumps, these will fall to pieces, 
and the slaked lime will be obtained as a white powder. Cal¬ 
cium hydroxide is slightly soluble in water ; the solution is 
called lime-water, and is used as a test for carbon dioxide 
and as a mouth-wash for infants. 

Wlien carbon dioxide is passed into lime-water, a white 
precipitate of calcium carbonate (chalk) is formed— 

Ca(OH)a + CO 3 = CaCO, '1' + HjO. 

Further passage of carbon dioxide causes the calcium car- 
bonate to dissolve, hence the “ milky ” lime-water becomes 
clear again. This is due to the formation of calcium bicar¬ 
bonate, which is soluble in water— 

CaCOs + HaO + COa = CalHCOg)*. 

If the clear solution of calcium bicarbonate is boiled, the 
bicarbonate is decomposed, and the white precipitate of 
calcium carbonate comes down again— 

Ca(HCO,)a = CaCO, 4' + HaO + CO, . 

Lime-water will turn red litmus blue ; calcium hydroxide 
is therefore an alkali. If excess of lime is stirred up with 
water, the turbid liquid is called milk of lime. Milk of lime 
is often used to make caustic soda from sodium carbonate 
(see p. 378)— 

Ca(OH)a + NaaCOa ^ 2NaOH + CaCO, 4'. 

The sodium carbonate is boiled with milk of lime, and the 
liquid is then filtered. The excess of lime, and the precipi¬ 
tated calcium carbonate, are left on the filter, and the filtrate 
is a solution of caustic soda. 

Lime (quick or slaked) finds many uses both in the labora¬ 
tory and in various industries. It is employed in the puri¬ 
fication of coal-gas, in the maniifacture of washing-soda (p. 1 
382), in tanning, in glass-making (p. 350), in the manufac-1 
tore of bleaching-powder (p. 217), in the refinement of sugar, 
and for many other purposes. It is also the principal con¬ 
stituent of mortar and cement. 
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Mortar consists of a pasty mixture of slaked lime, sand, and 
water. The “ setting ” of mortar is due chiefly to the loss 
of moisture by evaporation, but the lime slowly changes into 
calcium carbonate by combining with the carbon dioxide of 
I the air— 

Ca(OH)2 + COa = CaCOa + HaO. 

Part of it, too, may combine with the sand (SiOg, silicon 
dioxide,'p. 349), forming calcium silicate, CaSiOj— 

Ca(OH)a + SiOg == CaSiOa + H^O. 

You can easily show that old mortar contains calcium car¬ 
bonate by adding a little dilute hydrochloric acid, when an 
effervescence will take place— 

CaCO, + 2HC1 = CaCla + HsO + CO,. 

Portland cement is made by strongly heating a mixture of 
flimestone or chalk (CaCO,), and clay. The product is then 
'finely powdered and is ready for use. When mixed thor¬ 
oughly with water it quickly sets to a hard mass. 

CoTicrete is a mixture of Portland cement and small gravel 
or finely broken bricks. It is now extensively used in the 
construction of buildings. Reinforced concrete consists of 
concrete that has been allowed to set around a steel framework 
or skeleton. It is less liable to crack than concrete not so 
reinforced. 

Calcium carbonate, CaCO^.—As previously mentioned, 
calcium carbonate exists naturally in many different forma. 
Vast quantities are found in the amorphous state as limestone 
and chalk, of which hills and even whole mountain ranges 
may be formed. Chalk is partly composed of the skeletons of 
coimtless minute sea-animals, though the main bulk was prob¬ 
ably formed by precipitation from sea-water. 

Precipitated chalk is calcium carbonate which has been 
precipitated either by passing carbon dioxide through lime- 
water, or by adding sodium carbonate to a solution of calcium 
chloride— 

Ca(OH)a + CO, = CaCO, >(' + H^O, 
or CaCl, -f Na,CO, = CaCO, -V + 2NaCl. 
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Calcium carbonate can also be made by passing carbon dioxide 
over warm lime. 

Calcium carbonate is insoluble in water, but it dissolves 
in dilute acids with evolution of carbon dioxide. It is also 
soluble in water containing carbon dioxide (see above, under T 
lime-water )— 

CaCOs + HjO + CO 2 Ca(HC 03 )s (calcium bicarbonate). 

This reaction is reversible, since when the solutiori of cal¬ 
cium bicarbonate is heated, the calcium carbonate is re¬ 
precipitated— 

Ca(HC03)2 = CaCO^ i 4- H 3 O + CO 2 . 

[For the effect of the presence of calcium bicarbonate in 
water, see Hardness of Water, p. 199.] 

The equations for the action of the dilute mineral acids 
upon calcium carbonate are as follow : 

CaCOa + 2HC1 = CaCIa + H^O + COj. ■ 

CaCO, + 2 HNO 3 = Ca(NO ,)2 4- H 3 O + CO,. 

CaCO, + H 3 SO 4 = CaS 04 + H 3 O + CO,. 

With sulphuric acid, the action ceases after awhile, if the 
carbonate is in lumps {e.g. marble). This is because the 
calcium sulphate, which is practically insoluble in water, 
forms a coating on the lump and thus prevents the acid from 
getting through to the inside. Calcium chloride and nitrate, 
on the other hand, are soluble, hence the action in these cases ^ 
goes on to completion. 

Calcium bicarbonate, Ca(HCOa)„ the formation of which 
has been described above, is usually met with only in solu¬ 
tion. It can, however, be made, as a white powder which 
decomposes on heating, by adding a concentrated solution 
of potassium bicarbonate to a cold concentrated solution of 
calcium chloride— 

Caa, + 2KHCO, = Ca(HC03)a + 2KC1. j 

It is, of course, soluble in water. 

Calcium sulphate, CaS 04 .—The natuurally occurring 
forms of this substance have already been mentioned, p. 389. 



CALCIUM 


396 


When gypsum, CaS04.2H20 (calcium sulphate dihydrate) is 
carefully heated to 120 - 130 ®, it loses part of its water of 
crystallization, and is converted into Plaster of Paris, which has 
^ the formula (CaS04)3H20, or CaSOfl.iHgO, and is chemically 
' known as calcium sulphate hemi-kydrate. When Plaster of 
Paris is made into a thick paste with water it rapidly be¬ 
comes converted into a solid mass of gj’psum. The gypsum 
takes up slightly more room than the paste of the plaster, 
and hence if the latter is allowed to set in moulds, sharp easts 
of the moulds may be obtained. Plaster of Paris is also used 
in surgery, for forming moulds round broken limbs and thus 
keeping the bones in place. Its use for this purpose was 
first described by a Persian doctor, called Abu ALinsur 
Muwatfak, in the tenth century. 

Calcium sulphate is only very slightly soluble in water, 
hence it can be prepared by mixing concentrated solutions 
^ of calcium chloride and sodium sulphate— 

CaCl* -b Na2S04 = CaSO* 'i^ + 2 NaCl. 

It is, however, suflGciently soluble to make water hard. 
(See p. 199 .) The hardness is “ permanent.” 

Calcium nitrate, Ca(N03)2.—Calcium nitrate can be 
made by dissolving calcium, or its oxide, hydroxide or car¬ 
bonate, in dilute nitric acid, and evaporating the solution to 
crystallization— 

^ e.g. CaO -h 2HNO3 = Ca(N03)a -f- H^O. 

The crystals obtained have 4 molecules of water of 
crystallization in them—Ca(N03)g.4H20. They are deliques¬ 
cent. 

When strongly heated, calcium nitrate splits up into quick¬ 
lime, oxygen and nitrogen peroxide— 

2Ca(N03)a = 2 CaO -f- 2NO3 -|- O,. 

. [Compare zinc nitrate and copper nitrate, and contrast 
potassium nitrate, sodium nitrate and ammonium nitrate.] 

Basic calcium nitrate, i.e. calcium nitrate combined with 
lime, Ca(N03)g.a:Ca(0^2, is used as an artifi^cial manure. 
(See p. 271 .) 
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Calcium chloride, CaClj, can be made by the action of 
chlorine upon heated calcium— 

Ca -j- Cl 2 ^ CaCl2j 

or by dissolving calcium or its oxide, hydroxide or carbonate, 
in dilute hydrochloric acid— 

Ca + 2 HC 1 = CaCla + H*. 

CaO + 2 HC 1 = CaCla + HjO. 

Ca(OH)2 4- 2 HC 1 = CaClg + 2H2O. 

CaCOs + 2 HC 1 = CaClj + H^O -H CO*. 

On evaporating the solution, the salt separates out in the 
form of colourless, extremely deliquescent crystals of the 
hexahydraie, CaCla-CHaO. If these are strongly heated, they 
lose their water of crystallization, and the anhydrous salt, 
CaCl*, is left. This can be fused and granulated, and in the 
granular form is used for drying gases, etc. ; it is the substance 
so familiar in desiccators. [Note that it cannot be used for' 
drying ammoniay since it combines with this gas, forming the 
compound CaCU.SNH*.] Calcium chloride is obtained com¬ 
mercially as a by-product in the manufacture of sodium car¬ 
bonate by the ammonia-soda process (p. 382 ). 

Calcium carbide, CaC*, is made by heating a mixture of 
quicklime and powdered coke in the electric furnace-— 

CaO + 3 C = CaC, -f CO. 

When pure it is a white crystalline solid, but as generally 
prepared it is grey, owing to the presence in it of particles of* 
carbon. It is decomposed by water, with evolution of acety¬ 
lene— 

CaCa + 2 HaO = Ca(OH)a + CaH* (acetylene). 

This reaction is of great commercial importance, since 
acetylene is readily converted into acetic acid and other 
organic compounds. 

Calcium phosphate, Ca3(P04)2.—See p, 279 . A form o| 
calcium phosphate known as “ superphosphate ” (p. 287 ) ia 
used as an artificial manure. 
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Bleaching-powder, Ca(OCI)Cl or CaOCla, is sometimes 
regarded as a hybrid compound, half-way between calcium 
chloride and calcium hypochlorite— 

/OCl 
^OCl 

Its actual composition still remains unknown. 

It is made by passing chlorine slowly over a layer of dry 
slaked lime on the floor of a series of chambers made of stone 
or lined with lead. The reaction which occurs can be repre¬ 
sented as follows— 

Ca(OH)2 + Cla = Ca(OCI)CI + H^O. 

Bleaching-powder is a white solid which smells of chlorine. 
It is acted upon by all dilute acids, and chlorine is evolved_ 

CaOCla + H2S04 = CaSO, + H^O + Cl^. 

, CaOCl, + 2 HC 1 = CaCls -f H.O + C^. 

CaOCL + 2HNO3 = CalNOa)^ + H^O + CIj. 

It is used for bleaching, and as a disinfectant. Another 
name for it is chloride of lime. For more about it see p. 217 . 

Equivalent of Calcium. —The equivalent of calcium can 
be determined by dissolving a known weight of the metal 
in dilute hydrochloric acid and measuring the volume of 
hydrogen evolved. 



Questions 

1 . What are the chief minerals in which calcium is found ? 

P ■ formulae for (o) quicklime, {6) alabaster, (c) Plaster of 

marble, (/) limestone, (g) calcium bicarbonate. 
d. Write a short account of the commercial preparation and uses of 
quicklime. 

4. What are (o) mortar, (6) Portland cement, (c) concrete T What 
happens when mortar “sets”? 


5. \^^at ia bleaching-powder ? How is it made ? What ia it used 

action of dilute hydrochloric acid upon it ? 

6. Writ© the formula for (a) calcium chloride hexahydrate, (6) 
tol^y^oua calcium chloride, (c) calcium hypochlorite, (d) calcium 


7. How is calcium carbide made ? What U the action of water 
upon It ? 

in 'detail how you would determine the equivalent of 
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9. Complete the following equations; 

(i) CaOCl, + 2HNOa 

(ii) CaCOs + 2HC1 = 

(iu) 2 Ca(N 03 )j * 

(iv) CaCOj + HjO + CO, = 

10. \Vliat is lime-water 7 What is the action of carbon dioxide 
upon it ? What is the action of chlorine upon it ? (See p. 217.) 

11. Write a short account of the Hardness of Water. How may 
hard water be softened ? (See p. 198.) 

12. What are the properties of metallic calcium 7 How is the 
element isolated 7 

13. Starting with calcium oxide, how could you prepare (a) calcium 
carbonate, (6) calcium sulphate, (c) bleaching-powder, (d) anhydrous 
calcium chloride 7 

14. Compare the properties of calcium and its compounds with those 
of zinc and its compounds. 


Magnesium 

Symbol.- Mg; Valency: 2; Atomic Weight: 24-32;/ 
Melting-point: 650®; Specific Gravity : 1-74. 

History and Occurrence.—Magnesium sulphate (“ Epsom 
salt ”) was obtained in 1695 by Nehemiah Grew, from the 
water of a spring at Epsom. From the sulphate. Black in 
1755 obtained the oxide, magnesia, from which in turn, in 
1800, Daw succeeded in isolating metallic magnesium. 

Magnesium occurs chiefly as its carbonate, MgCO,. When 
it is found unmixed, this compound is called magnesite, but 
it occurs more often in association with calcium carbonate** 
as the mineral dolomite, MgCOa.CaCOa, of which whole moun¬ 
tain ranges {e.g. the Dolomitic Alps) are largely built. Mag¬ 
nesium occurs also as the chloride in the mineral carnallilCt 
KCl.MgCla.6HsO, vast quantities of which occur in the saline 
deposits at Stassfurt (N. Germany). Asbestos is a calcium 
magnesium silicate, CaSiOs.SMgSiO*. 

Extraction.—^Magnesium is obtained commercially by the 
electrolysis of fused anhydrous carnallite, chlorine bein^ 
evolved at the anode and magnesium being set free, in a moltei^ 
condition, at the cathode. The liquid magnesium rises to the 
surface of the fused carnallite, whence it is run off. 
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Properties.— Magnesium is a fairly hard metal, with a 
silvery lustre. It is stable in dry air, but slowly oxidizes in 
moist air, forming magnesium oxide, MgO. It has a specific 
gravity of 174, melts at 650®, and boils at about 1150®. It is 
■jductile and maUeable and is usually met with as magnesium 
ribbon, wire, turnings or powder. In making magnesium wire 
the metal has to be heated ; ribbon is made from the wire 
by means of heavy rollers. 

When heated in the air or in oxygen, magnesium takes fire 
and burns with an extremely brilliant flame, rich in the 
chemicaUy and photographicaUy active rays. In oxygen, the 
prodhct of combustion is magnesium oxide, MgO, but in air 
this is mixed with a little magnesium nitride, MgjN,. Mag¬ 
nesium will burn in steam and, less readily, in carbon dioxide ; 
in each case the oxide of the metal is formed and the other 
element (hydrogen or carbon) is liberated ; 

' Mg + H,0 = MgO + H,. 

2Mg + CO* = 2 MgO + C. 

« ^g^esium is employed commercially in the preparation of 
flashlight powders ” for photography, in the firework in- 
dustry, and as a constituent of the strong, but light, alloy 
(with aluminium) called magnalium (p. 433). ’ ^ 

Magnesium is readily soluble in dilute acids, e.g. 

Mg + H*S04 = MgSO* + H*, 

Magnesium 

^ sulphate. 

Mg + 2HC1 = MgCl* + H*. 

Magnesium 

chloride. 

From very dilute nitric acid, under suitable conditions, mag- 

nesium will liberate hydrogen—a very unusual reaction (cf. 

p. 272). Caustic soda and potash have no action on mae- 
nesium. “ 

4 

Compounds of Magnesium.—Magnesium oxide or mag- 
nwia, MgO, can be obtained by burning magnesiiun in oxygen 
(c» air, but see above), or by heating the carbonate or nitrate : 

MgCO* = MgO + CO*. 

2Mg(NO,), = 21^0 + 4NO, + O,. 
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It is a "white powder, very slightly soluble in water, to which 
it gives an alkaline reaction. It is used in medicine, and also 
as a “ refractory ” or heat-resisting substance in electric 
furnaces. 

Magnesium carbonate, MgCOj, is a white powder. Like tber 
oxide it is used in medicine. If suspended in water through 



Fio. 104.—Domestic Use of Magnesium Sulphate. 

which carbon dioxide is blown, it is converted into the bicar* 
bonate, which dissolves ; the water is thus rendered tem¬ 
porarily hard (cf. p. 199) : 

MgCO, + CO, + H,0 ^ Mg(HC03),. 

Magnesium sulphate, MgSO*, can be made by dissolving the 
metal, the oxide or the carbonate in dilute sulphurio acidj: 

Mg + H2S04 = MgSO* + Hg. 

MgO + HgSO, = MgS04 + HgO. 

MgCO, + HgSO* = MgS04 4- HgO + COj. 
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On evaporating the solution» colourless needles of mag¬ 
nesium sulphate heptahydrate, MgS 04 . 7 H 20 , separate out ; 
these are commonly known as Epsom salt—a useful purgative. 

Questions 

1. Describe the occurrence, extraction and properties of magnesium 

2. Starting from metallic magnesium, how would you prepare 
specimens of (a) magnesium oxide, (6) magnesium sulphate ? 

3. Write equations for the action of magnesium upon (o) dilute 
sulphuric acid, (6) oxygen, (c) nitrogen, (d) carbon dioxide, (c) dilute 
hydrochloric acid, (/) steam. 


ZiN’O 

Symbol: Zn ; Valency : 2 ; Atomic Weight : 65-4 ; Melting- 
point : 419° ; Specific Gravity: 6*9. 

History and Occurrence.—Metallic zinc does not occur 
naturally, and it was not obtained in a pure state until 1720. 
Its chief ores are zinc blende (ZnS, zinc sulphide) and calamine 
(ZnCOa, zinc carbonate). These compounds, and zinc oxide 
or tutia, ZnO, were known to the ancient chemists, who used 
to prepare brass —an alloy of zinc and copper—by heating 
copper with tutia. 

The principal deposits of zinc ores are found in Great Britain, 
Belgium, Germany, Poland, Australia, and North America. 

Extraction.—^The zinc ore is strongly heated in air, when 
(i) zinc blende is oxidized, or (ii) calamine loses carbon di¬ 
oxide, the product in each case being zinc oxide, ZnO— 

(i) 2ZnS + 30a = 2ZnO + 2 SO 3 . 

(ii) ZnCOj ' = ZnO + CO*. 

The sulphur dioxide which is given off when zinc blende 
is used is not wasted, but is converted into sulphuric acid. 
In this way money is saved, and the price of the zinc is corre¬ 
spondingly lowered. 

The zinc oxide obtained in the first operation is then mixed 
Iwith powdered coal and strongly heated in fireclay retorts, 
when carbon monoxide is formed and the zinc liberated— 

ZnO + C = Zn + CO. 

The reaction is therefore a reduction of zinc oxide by carbon. 
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The zinc vapour which comes over is cooled in receivers, 
where part of it condenses to a powder (“ zinc dust ”) and 
part to a liquid, which is allowed to solidify in moulds. Com¬ 
mercially, crude zinc is known as spelter. 

Properties.—Zinc is a hard and rather brittle bluish-white 
metal. Its specific gravity is 6-9, its melting-point 419°, and 
its boiling-point 730°. Zinc is not attacked by dry air, but 
in moist air it is slowly converted into a white “ rust,” which 
consists of basic zinc carbonate, t.c. zinc carbonate (ZnCOa) 
combined with some zinc hydroxide, Zn{OH) 2 . If heated 
strongly in air or oxygen, zinc bums with a greenish-blue 
flame, forming clouds of white zinc oxide {^^philosophers' 
wool ”)— 

2Zn +02 = 2ZnO. 

Ordinary zinc readily dissolves in acids. Thus with dilute 
sulphuric acid the following reaction takes place— 

Zn + HjSO^ = ZnS 04 + H 2 j 

Zinc sulphate. 

and with dilute hydrochloric acid— 

Zn + 2HCI = ZnCla + H,. 

Zinc chloride. 

Zinc also dissolves readily in dilute nitric acid, yielding a 
solution of zinc nitrate. Oxides of nitrogen are given off at 
the same time, and ammonium nitrate may be detected in 
the solution, so that the action is rather complex. (Cf. under 
nitric acid, p. 272, for the action of this acid on other metals.) 

With concentrated sulphuric acid, zinc yields sulphur 
dioxide on heating— 

Zn + 2 H 2 SO 4 ^ ZnS 04 + 2 H 2 O + S 02 > 

Zinc will also dissolve in hot concentrated caustic soda or 
caustic potash solution, liberating hydrogen. A solution of 
a peculiar compound called sodium (or potassium) zincate is 
left— j 

Zn + 2NaOH = NajZnOg + Hg. ) 

Sodium zincate. 

It is a strange fact that pure zinc will not dissolve in dilute 
sulphuric acid. Since, owing to improvements in zinc manu- 
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facture, the laboratory specimen is often very pure nowa¬ 
days, you may already have noticed this phenomenon. You 
can, however, easily get the zinc to dissolve by adding a drop 
of copper sulphate solution. The copper, which is deposited 
on the zinc [CuSO* + Zn = ZnSO^ + Cu], apparently acts 
as a catalyst, and the rest of the zinc then rapidly dissolves. 
It is thought that the action of the copper may be electrical. 

Zinc is used in the laboratory for the preparation of hydro¬ 
gen. For this purpose it is generally granulated by pouring 
the-molten metal from a height into a tub of cold water. 

Commercially, zinc is chiefly used to coat iron and thus 
prevent it from rusting. The iron object is first thoroughly 
cleansed and then dipped into melted zinc, when a thin layer 
of the latter metal is deposited on the iron. Iron treated 
in this way is called galvanized iron. 

Zinc is also used in the preparation of alloys, e.g. brass 
and German silver (p. 409), and also in electric batteries. 
In a flash-lamp battery, for example, there are three cells. 
Each cell consists of a zinc cylinder, closed at the bottom, and 
filled with a paste of sal-ammoniac (NH 4 CI, ammonium 
chloride, p. 267), manganese dioxide, glycerol, and water. 
Inserted into this paste is a carbon rod ; this forms the 
positive plate of the cell, while the zinc cylinder forms the 
negative plate. 

Compounds of Zinc. 

Zinc oxide, ZnO, may be prepared in any of the usual ways, 
t.c. (a) by heating the metal in air or oxygen, ( 6 ) by heating 
the carbonate, (c) by heating the nitrate, {d) by heating the 
hydroxide— 

(o) 2Zn -|- Oj ^ 2ZnO. 

( 6 ) ZnCO, = ZnO + COj. 

(c) 2 Zn(N 03 ), = 2ZnO + 4NOa + O,. 

' (d) Zn(OH), ^ZnO + HaO. 

\ It is generally made by burning zinc in air. It is a white 
'amorphous powder, which turns yellow when heated, but goes 
white again on cooling. It will dissolve readily in dilute 
acids, yielding zinc salts, e.g .— 
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ZnO + HjSO* = ZnSO* + HgO. 

ZiiO + 2HC1 = ZnCl* -f- H^O. 

ZnO + 2 HNO 9 = Zn(N 03 )j + HjO. 

Zinc oxide is sometimes used to make white paint for 
chemical laboratories and other places where hydrogen sul¬ 
phide is likely to be present in the atmosphere. Ordinary 
white paint contains lead carbonate (PbCOa), which is turned 
into black lead sulphide by hydrogen sulphide— 

PbCOa + HjS = PbS + HaO + COa- 

It would therefore be foolish to use white lead paint in 
laboratories. Zinc sulphide, ZdS, however, is white, so that 
paints made from zinc oxide do not go black when exposed 
to hydrogen sulphide. A disadvantage of zinc oxide as a 
paint is that it will not cover so great a surface as the same 
weight of lead carbonate (“ white lead ”). 

Zinc hydroxide, Zn(OH) 2 , comes down as a white precipi¬ 
tate when a solution of caustic soda is added to a solution of 
a zinc salt— 

ZnSO* -H 2NaOH = Zn(OH)8 4' -4- Na 2 S 04 . 

ZnCla + 2NaOH = Zn(OH)a 'i' + 2NaCl. 

ZnlNOala + 2NaOH = Zn(OH)j i + 2NaNOa. 

It is soluble in excess of caustic soda, forming sodium 
zincate (p. 402). 

Zinc chloride, ZnClj, can be obtained in the form of its 
crystalline monohydrate, ZnCL-HaO, by dissolving zinc, zinc 
oxide, zinc hydroxide, or zinc carbonate in excess of concen¬ 
trated hydrochloric acid and evaporating the solution to the 
point of crj’^stallization. The crystals are deliquescent, and 
if heated they partly decompose, yielding hydrogen chloride 
and zinc oxychloride — 

ZnCU-HaO = Zn(OH)Cl + HCl. 

Zinc oxychloride. 

To prepare anhydrous zinc chloride, ZnClj, therefore, it is] 
necessary to proceed in another way, viz., to heat ^linc in a 
stream of hydrogen chloride— 

Zn + 2HC1 = ZnCla + H,. 
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Zinc sulphate, ZnSOj, is usually met ■with in the form of 
its heptahydrate, ZnS 04 . 7 H 20 —“ zinc sulphate crystals ” or 
white vitriol. It can be made by dissolving zinc or its oxide, 
hydroxide or carbonate in dilute sulphuric acid and evapo¬ 
rating the solution— 

Zn + H 2 SO 4 = ZnS 04 + 

ZnO -h H 2 SO 4 == ZnS 04 + H^O. 

Zn(OH), + H 2 SO 4 = ZnS 04 + 2 H 2 O. 

ZnCOa + H 2 SO 4 = ZnS04 + H^O + CO,. 

It is a very poisonous substance, but a dilute solution of 
it is sometimes used as an eye-lotion. 

Zinc carbonate, ZnCOg, comes down as a white precipi¬ 
tate when a solution of sodium 6 i-carbonate is added to a 
solution of a zinc salt, e.g. — 

ZnSO* 4- 2 NaHC 03 = ZnCOj + NaaSO* + HgO -f- COj. 

If sodium carbonate is used instead of the bicarbonate, the 
precipitate consists of a basic zinc carbonate farZnlOH),. 
yZnCO,]. 

Zinc carbonate easily dissolves in dilute acids, yielding 
solutions of zinc salts with evolution of carbon dioxide, e.g. —- 

ZnCOa + 2 HNO 3 = Zn (NOala -h H 2 O + CO,. 

Zinc sulphide, ZnS, can be obtained as a white precipitate 
by adding ammonium sulphide to a solution of zinc sulphate— 

(NH4)3S 4 - ZnSO* = ZnS >1^ 4 - (NH 4 ) 2 SO,. 

It dissolves in dilute acids, hydrogen sulphide being 
evolved, e.g .— 

ZnS 4- 2HC1 = ZnCl, 4- H^S. 

When not quite pure it is phosphorescent {i.e. it shines 
in the dark) after exposure to light. It also glows when 
X-rays, or the rays from radium, are allowed to strike it, 
ond for this reason is much used in work in this field. 

\ EqurvAiiENT of Zinc. —The equivalent of zinc is usually 
determined by dissolving a known weight of the metal in 
dilute sulphuric or hydrochloric acid, and measuring the 
volume of hydrogen evolved. (See p. 63.) 


406 


AN ELEMENTARY CHEMISTRY 


I 


Questions 

1. If you were given some granulated zinc, how could you prepare 
specimens of (a) zinc sulphate, (6) zinc oxide, (c) anhydrous zinc 
chloride, (d) zinc carbonate ? 

2. What is the action of heat upon (a) zinc carbonate, (6) zinc , 
nitrate, (c) zinc chloride crystals, ZnCIj.H*0 ? 

3. Mention two alloys of which zinc is a constituent. 

4. What are the chief ores of zinc 7 

6. How is zinc extracted from its ores 7 

6. How would you determine the equivalent of zinc 7 

7. Compare and contrast the properties of zinc with those of calcium. 

8. How is zinc sulphide prepared 7 What peculiar properties does 
this substance possess ? 

9. What weight of zinc sulphate crystals could you obtain by dis¬ 
solving 15 grams of zinc carbonate in dilute sulphuric acid ? What 
weight of 10 per cent, sulphuric acid would you require for the purpose 7 
What volume of carbon dioxide, measured dry at N.T.P., would be 
evolved ? 

10. Starting from zinc sulphate, how could you make (a) metauio 

zinc, (6) zinc nitrate ? ^ • u ) 

11. A hydrogen cylinder, of capacity 10 litres, is to be filled ^th 
hydrogen at a pressure of 120 atmospheres at 18^ C. What weight 
of zinc would have to be dissolved in dilute hydrochloric acid in order 
to get the requisite hydrogen, and what would the weight of the latter 

be f 

12. Whet is {/ahantzed iron 7 How is it made T 

13. Describe the preparation and properties of zinc oxide. Why is 
zinc oxide sometimes used as a paint ? 

14. What is the action of hot concentrated caustic soda solutioO 

upon zinc t 


Copper 

Symbol: Cu ; Valency : 1 or 2 ; Atomic Weight: 63*6 ; 
Melting-point: 1,083° ; Specific Gravity : 8-95. 

History and Occurrence.—Copper has been known to 
man from very remote times, since in some parts of the world 
it occurs naturally in the metallic state. Moreover, it \8 
fairly easily obtained from some of its ores, so that it was in 
common use among the nations of the ancient world. The 
copper used by the Eg 5 rptians was mined in the peninsula of 
Sinai. The Greeks and Romans obtained it largely from the 
island of Cyprus : in fact, the two words Cyprus and Copper 
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are connected together. It used to be thought that copper 
was so called because it came from Cyprus, but, on the other 
hand, some scholars now believe that the Romans borrowed 
the word copper from a Northern nation, and that Cyprus 

I received its name because it was the‘^copper island.” Cyprus 

V was a favourite resort of Venus, and for this and other reasons 
copper was often called by the name of the goddess, and 
represented by her sign (circular mirror with a handle), Q. 

Large quantities of native metallic copper have been found 
near the great lakes in North America, and smaller quantities 
m other places. The chief ores of copper are copper pyrites 
CuFeSj; cuprite, \ and Cu(OH)j.CuCO,. 

Extraction.—1, Native copper, when occurring in large 
boulders, proves rather troublesome to deal with, since it 
IS so tough. In cases of difficulty, huge electrolytic cells 
have been built around the boulders and filled with acidified 
» copper sulphate solution. A thin sheet of pure copper is 
made the cathode, and the boulder forms the anode On 
passing a current through the ” ceU.” copper passes from the 
anode to the cathode, where it is deposited. In this way 
native copper is extracted and refined at the same time. 

2 . Cuprite and rruihzchite (oxide and basic carbonate) are 

heated with powdered coke in a furnace, when the carbonate 

IS converted into oxide, and the oxide then reduced to metallic 
copper— 

^ (i) Cuprite. CuaO + C = 2Cu + CO. 

(U) Malachite, (a) Cu(OH)a.CuCO, = 2CuO + H^O 

+ CQ,. 

(6) CuO -H C = Cu + CO. 

3. Most copper ores, however, contain sulphur, and th© 
extraction of copper from them is a difficult matter. The 
crush^ and purified ore is roasted in a regulated current of 
oiT, when th© iron is converted into iron oxide and the 
copper is left as cuprous sulphide— 

A 4CuFeS, + 90a = 2 GU 2 S + 6SO, -f- 2 Fe 30 a. 

The roasted ore is then further purified, by removal of the 
iron oxide, and again heated npon the hearth of a furnace. 
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Part of tlie cuprous sulphide is converted into cuprous oxide, 
which then acts upon the remainder of the sulphide to form 
copper and sulphur dioxide. 

2Cu2S + 30^ =200^0 + 2802. 

2 CU 2 O + CujS = 6Cu + SO 2 . 

The copper so obtained is rather impure. It is melted, 
and the molten metal is stirred up with poles of green wood. 
This reduces any cuprous oxide remaining in the metal to 
copper. 

The crude copper can be refined electrolytically as des¬ 
cribed in § 1. 

Cathode (—) Anode (+) 

Pure Copper 

Pure Copper < — ■ Crude Copper 

1 ^ : 

Impurities go into' 

solution or fall to the 

bottom of the cell. 

Properties.—Copper is a metal of a characteristic reddish 
colour. It is malleable {i.e. it can be beaten into thin sheets) 
and ductile {i.e. it can be drawn out into wire). It is an 
extremely good conductor of electricity, and is therefore 
widely used in the electrical industry. At a very high tem¬ 
perature (2,320*) it will boil, forming a green vapour. 

In dry air, copper is imaffected at ordinary temperatures, 
but in moist air it is slowly converted into a greenish rust 
called verdigris. This consists of a mixture (or compound) 
of copper carbonate, CuCOj, with copper hydroxide, Cu(OH)a. 
If heated in air or oxygen, it is slou'ly converted into black 
cupric oxide, CuO, but it will not burn with a flame. The 
oxidation is so slow that it is not convenient to determine 
the equivalent of copper in this way. To determine th^ 
equivalent^it is better to reduce a known weight of carefully 
dried cupric oxide in a current of hydrogen or purified coal- 
gas ; or to convert a known weight of copper into its oxide 
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by dissolving in nitric acid, evaporating to dryness, and 
igniting the residual copper nitrate. 


Action of Acids on Copper. 

Sulphuric acid. — The dilute acid has no action on copper. 
The concentrated acid dissolves copper on heating, yielding 
sulphur dioxide, copper sulphate and water— 

Cu + 2 HjS 04 = CUSO 4 + 2HjO + SO 2 . 

This reaction is used in the laboratory for the preparation 
of sulphur dioxide. It will be noticed that the resiqlue is 
black ; this is because some black cuprous sulphide, CxijS, is 
formed as a by-product. While the equation given above 
represents fairly accurately the main result, there is little 
doubt that the actual changes are considerably more com¬ 
plex. 

, 2. Hydrochloric acid .—The dilute acid has no action. The. 
hot concentrated acid slowly dissolves copper, forming cuprous 
chloride, OU 2 CI 21 which is oxidized at once if air is present 
to cupric chloride, CuClg. 

3. Nitric acid .—Nitric acid readily dissolves copper, with 
formation of oxides of nitrogen. The actual course of the 
reaction depends upon the concentration of the acid, etc., 
but the equation for moderate concentration is— 


3Cu 4- 8HNO, = 3Cu(NOa)a + 4 H 2 O + 2NO. 


t This reaction is used in the laboratory for the preparation 
of nitric oxide (NO). The acid should be diluted with a little 
water. 


Copper finds extensive application in industry and the 
arts, both as the pure metal and in the form of its alloys or 
mixtures with other metals. The composition of some of 
the chief copper alloys is shown in the following table— 


AUoy* 

Rrd63 

I^^onze 

Boll-metal . 

Germ an • silver 

Phosphor-bronze 


Approximate Composition in TarU by Weight. 

Copper, 2* Zinc, 1- 

Copper, 9, Tin, 1. 

Copper, 4. Tin, 1. 

Copper, 3. Nickel, 1. Tin, 1. 

Bronze, 99*5 per cent; Fhosphonia, 0*5 per cent. 

O 
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Bronze was extensively made in ancient days at Brindisi 
[Brundisium], hence, according to some authorities, the 
name “ bronze ” (= metal from Brundisium). 

■ Compounds of Copper. 

Since copper can be both univalent and bivalent, it forms 
two oxides and two series of salts, the cuprous and the cupric. 

Cuprous Compounds. 

In the cuprous compounds, copper is univalent. Hence 
cuprous oxide is CujO, cuprous chloride CujCla, etc. 

Cuprous oxide, CujO, occurs naturally as the mineral 
cuprite. It is best prepared by reducing Eehlino’s solution 
with grape-sugar. Fehling’s solution is made by mixing 
cupric sulphate and potassium sodium tartrate in solution 
and adding caustic soda. When heated with grape-sugar itr 
yields a red precipitate of cuprous oxide. Cuprous oxide is) 
a red powder insoluble in water. 

Cuprous chloride. CuXlj, is generally made by heating 
a solution of cupric chloride with copper turnings and hydro- 
chloric acid— 

CUCI2 ~\r Cu ^ CujClj* 

The clear solution so obtained is poured into water, when 
the cuprous chloride comes down as a white precipitate, 
rapidly turning blue or green on exposure to air, owing to 
oxidation to a cupric compound. *« 

Cuprous sulphide, Cu^S, is formed when copper burns 
in the vapour of sulphur, or when sulphur and copper turn- 
ings are heated together. It is a black substance, chiefly of 
historic interest, since its formation in the above way was 
observed by the Hindoos of 3,000 years ago, who therefore 
called sulphur the “ enemy of copper ”—in their language, 
Sanskrit, sulvari, whence our sulphur. ^ 

Cupric Compounds. ^ 

In these compounds, which are far more common and 
important than the cuprous compounds, copper is bivalent. 
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Hence cupric oxide is CuO, cupric sulphate CUSO 4 , etc. 
When we talk about “ copper nitrate,” “ copper chloride,” 
and so on, it is understood that we mean the cupric com- 
poimds if we give no further details. 

\ Cupric oxide, CuO, which is formed by strongly heating 
copper in air or oxygen, is more conveniently made by heat¬ 
ing copper nitrate— 

2 Cu(N 03)2 = 2CuO + 4 XO 2 -h O 2 . 

Nitrogen peroxide and oxygen are formed at the same time. 

It is a black powder, and has the property of attracting 
moisture, although it does not deliquesce (p. 198). It is 
said to be hygroscopic. If it is to be used in a quantita¬ 
tive experiment, it must be first heated in a crucible and 
then allowed to cool in a desiccator, so that the moisture it 
contains may be driven off. 

, Copper oxide will dissolve readily in dilute acids, giving 
solutions of cupric salts. Cupric salts are usually^ blue, 
and almost always give blue solutions when dissolved in 
water. 

Cupric sulphate, CUSO 4 , may be obtained by dissolving 
copper oxide or copper carbonate in dilute sulphuric acid, 
and evaporating the solution until it crystallizes on cooling. 
The crystals so obtained are sometimes known as blue vitriol 
or bluestone ; they have the formula CUSO 4 . 5 H 2 O, i.e. they 
are cupric sulphate penta-hydrate. When they are heated to 

' 100 ®, they lose some of their water of crystallization and are 
converted into cupric sulphate monohydrate, CUSO4.H2O. At 
230® the monohydrate loses its water, yielding the greyish- 
white anhydrous salt, CUSO 4 . This is used as a test for water, 
with which it goes blue, owing to the formation of the penta- 
hydrated salt. 

Commercially, cupric sulphate is made by blowing air 
through a hot mixture of scrap copper and dilute sulphuric 
\acid— 

^ 2Cu +. 2 H 2 SO 4 -1:0, = 2 CUSO 4 + 2 H 2 O. 

Copper sulphate is a very important article of commerce. 
It is very poisonous, especially to the lower forms of plant 
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life, and is therefore used as a germicide and fungicide. 
Potatoes are sprayed with “ Bordeaux mixture ” (copper 
sulphate and lime or limestone stirred up with water) to kill 
the fungus, called Phytophthora, which causes potato-disease. 
Copper sulphate solution is also used to spray vines, wheat, ^ 
etc., to check the development of moulds. It is used in the 
dye industry and also in electrolytic copper-plating. 

When a solution of copper sulphate is mixed with caustic 
soda solution, a blue precipitate of copper hydroxide is formed— 

CuSO. + 2NaOH = Cu(OH)a + Na^SO,. 

Cupric sulphate solution with sodium carbonate yields a 
bluish-green precipitate of cupric carbonate— 

CuSO, + Na,COs = CuCOa + Na^SO,- 

The carbonate is, however, impure, being mixed with 
copper hydroxide or perhaps loosely combined with it. It , 
is called a basic carbonate (cf. p. 188). j 

Cupric chloride, CuClz, may be made by dissolving copper 
oxide, hydroxide or carbonate in dilute hydrochloric acid 
and evaporating the solution to crystallization. The green 
crystals which form have the formula CUCI 2 . 2 H 2 O (cupric 
chloride dihydrate). When gently heated they lose their water 
of crystallization, and are converted into the anhydrous salt, 
CuClg, which is yellowish brown. When strongly heated the 
anhydrous salt splits up into cuprous chloride and chlorine— 

2CuCla = CuaCla + cu. 

Cupric chloride is used as a catalyst in Deacon’s process 
for the manufacture of chlorine (see p. 220). 

When solutions of copper salts are treated with ammonia 
they give a fine deep-blue colour. This reaction is used as 
a test for copper salts. 

Cupric sulphide, CuS, is obtained as a black precipitate 
when hydrogen sulphide is passed through a solution of a, 
cupric salt, e.g .— | 

CUSO 4 + HjS = CuS >1' + HjSO*. ' 

Flame Test.—Copper compounds coloiir the Bunsen 
flame bluish-green. 
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Questions 

1« Mention the chief ores of copper. 

2. Describe the extraction and purification of copper. 

3. How does copper react with acids ? 

^ 4. Given metallic copper, how could you prepare (o) copper sul. 

, phate. (6) copper hydroxide, (c) cuprous oxide, (d) cupric oxide ? 

Iron 

Symbol : Fe ; Valency : 2 or 3 ; Atomic Weight : 66 ; 
Melting-point: 1,533®; Specific Gravity: 7-9. 

History and Occurrence.—Metallic iron is the chief 
constituent of meteorites, so that it has been known to man 
from time immemorial. The art of extracting it from its 
ores was known to the ancient Egyptians, and pieces of iron 
have been found in the masonry of one of the pyramids. In 
very early days it was more or less of a curiosity, and was a 
‘ precious metal, but later it became widely used for making 
swords and other weapons of war. The alchemists supposed 
it to be under the influence of the planet Mars, and the sign 
of the god Mars, (J (shield and spear), was often used as a 
symbol for iron. About 2,500 tons of iron were used in the 
construction of Solomon’s Temple (about 1000 b.c.), and 
Nebuchadrezzar is said to have carried off into captivity 
in 604 B.o. a thousand blacksmiths from Damascus. Iron 
was worked in India from about 1000 b.c., and Indian steel 
was taken by sea to Arabia, where it was used by the Arabs 
for making their famous sword-blades. 

The word iron is of Scandinavian origin. 

The chief naturally occurring compounds of iron are the 
oxides, sulphide and carbonate ; 

Oxides— Haematite, FejOs; Magnetite (lodestone), FcaO. • 
limonite, 2 Fe, 05 . 3 H 20 . 

Sulphide.— Iron pyrites, FeSa. 

Carbonate.— Spathic iron ore, FeCOa. 

\ chief ores of iron are haematite (Lanca¬ 

shire, Belgium, North America), magnetite ($candinavia, 
Germany, North America), limonite (South Wales), and spathic 
xron ore (mixed with clay as clay ironstone ia many parts of 
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Great Britain). Iron pyrites is used principally as a source 
not of iron but of sulphur. 

To get iron from its ores they are first roasted (heated in 
a current of air) and the dry iron oxide, EegOg, so obtained 
is heated with coke and a flux, e.g. limestone, in a blast 
furnace. The nature of the flux depends on the nature of 
the impurities (“ gangue ”) in the ore. 

The roasted ore, mixed with coke and (say) limestone (CaCOa), 
is introduced into the furnace through a cup and cone hopper 
at the top (see the figure). A blast of hot air is blown in 
through pipes called tuyeres (“ twyers ”) at the bottom, and 
the coke is thus burnt to carbon monoxide. The carbon 
monoxide acts upon the iron oxide, reducing it to iron, being 
itself oxidized to carbon dioxifle— 

FeaOa + SCO ^ 2Fe + SCO*. 

The iron melts and sinks 'to the bottom of the furnace, , 

whence it can be drawn off at will. The earthy impurities ^ 

in the ore react with the flux, forming a fusible waste 

material or slag. This also sinks to the bottom of the fur¬ 

nace, but as it is lighter than the molten iron it floats on the 
surface of the latter and is run off through a different open¬ 
ing, as shown in the figure. If the earthy impurities were 
not removed in this way, they would remain in the-furnace 
and choke it up. By removing them as slag, all the material 
introduced at the top of the furnace is got rid of, and fresh 
charges can be added without stopping the process, which is, 
indeed, continued until the furnace is worn out. ' 

The molten iron which flows down to the well of the furnace 
is run into moulds, where it solidifies, on cooling, into blocks 
called pig iron or cast iron. It is very impure, containing 
as much as 4-5 per cent, of carbon as well as other impurities. 
To purify it, it is melted in a furnace with a little haematite, 
when the impurities are burned and oxidized away. The 
pure iron (99 per cent.) is called wrought iron. Unlike eastj 
iron, which is brittle and cannot be welded, wrought iron isy 
very tough, and can be welded, that is, two pieces of it,'^ 
when red-hot, can be joined together by hammering. It is used 
chiefly by blacksmiths and for the cores of electro-magnets. 

Steel is a mixture of iron and iron carbide, FejC. Most of 
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it is made at the present day by the Siemens-Mariin process. 
A mixture of cast iron, scrap iron and h®matite is 

placed on an open hearth and strongly heated. The hearth 
is lined with a mixture of magnesium oxide (MgO) and lime 
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Fio. 105.—Blast Furnace. 


CaO). During the reaction, any phosphorus (often present 
impurity in cast iron) is oxidized to phosphorus pentoxide, 
FaOs, which combines with the lining of the hearth, forming 
magnesium and calcium phosphates, and is therefore removed, 
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This is important, as the presence of phosphorus in steel is 
very injurious. The phosphates are used as a fertilizer 
(“ basic slag 

By suitably adjusting the proportions of the cast iron and 
haematite, the percentage of iron carbide in the product'^ 
can be regulated as desired. It varies from 2*8 to 21, i.e. 
the percentage of carbon in steel is 0*2 to 1-5 per cent. The 
molten steel when ready is run off by tilting the hearth. 

The hardness of steel depends upon the percentage of carbon 
it contains, and also upon the treatment to which it is sub¬ 
jected after it has been made. 

(а) Carbon content .—This varies from 0*2 to 1-5 per cent. 
The hardness of steel increases as the percentage of carbon in 
it rises ; steel which contains but little carbon is called “ mild 
steel.” 

(б) Temper .—If steel is heated to a high temperature and 
then suddenly cooled by being plunged into water it becomes^ 
extremely hard and brittle and is known as quenched steel.' 
When quenched steel is carefully heated it becomes less hard 
but tougher, the extent of the change depending on the 
length of -the heating and on the temperature. A rough 
indication of the temperature of the heated steel is given by, 
the colour of the film of oxide formed on the surface, which 
varies from yellow through brown to blue as the temperature 
rises. Steel treated in this way is said to be tempered. The 
temperature at which the film of oxide is pale yellow is 
200®-230® ; the blue colour is produced at 290°-300°. Steel' 
for cutting blades and tools is usually tempered yellow, while 
springs and chisels are generally tempered blue. 

Various forms of steel, suitable for a large number of 
different purposes, are made by the admixture of small quan¬ 
tities of other elements, e.g. nickel, chromium, tungsten, 
vanadium, manganese, molybdenum, cobalt, titanium and 
silicon. Chromium produces a harder steel, nickel a more 
elastic, molybdenum a tougher, and so on. Nickel steelsj 
containing 1-5 per cent, of nickel and 0-25-0-45 per cent, or 
carbon, and nickel-chromium steels (1-4*5 per cent, nickel, Z-2 
per cent, chromium) are used for propeller shafts, piston rods. 
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crankshafts, steering-gears, axles, brake-rods, etc. Stainless 
steel contains about 12-15 per cent, chromium. Silicon steel, 
or silico-manganese steels (1-2 per cent, silicon, 0-4-1 per cent, 
manganese, 0*40-0-65 per cent, carbon), are used especially 
^for making springs. Manganese steels containing 12-14 per 
cent, manganese are used for tramways points and crossing- 
rails, as they are very hard and tough. 

Properties.—Pure iron is a rather soft, shiny, white, 
magnetic metal. It dissolves in dilute sulphuric and hydro¬ 
chloric acids, with evolution of hydrogen and formation of 
ferrous sulphate and ferrous chloride respectively— 

Fe + H^SO, = FeSO, + H,. 

Ferrous 

sulphate. 

Fe + 2HCI = FeClj + H,. 

Ferrous 

I chloride* 

It is also dissolved by cold dilute nitric acid, when ferrous 
nitrate, Fe(NOj)8, i® one of the products. Concentrated nitric 
acid, however, has a peculiar eflFect upon iron : it renders it 
passive. When iron has been made passive it will not dissolve 
even in the ordinary dilute acids which usually dissolve it 
80 readily ! Passive iron can be made to lose its passivity 
by rubbing it with sand-paper or by heating it in a stream of 
hydrogen. The passivity is due to the formation of a thin 
coating of iron oxide on the surface of the iron. Some other 
metals, such as chromium, may be rendered passive by treat¬ 
ment with nitric acid. 

In moist air, iron rapidly rusts, forming a brown powder 
which consists of iron oxide (ferric oxide, FcjOa) combined 
with more or less water—arFe^Os.yHaO. It is said that abso¬ 
lutely pure iron will not rust, and it has also been claimed 
that the presence of carbon dioxide is necessary for the for¬ 
mation oi rust. The whole matter is very complicated, and 
i^not yet settled. On reading this, you will probably lose 
ftny glow of self-satisfaction you may have felt after “ suc¬ 
cessfully ” solving the problem in the laboratory. Still, if 
you did not find out the necessary conditions under which 
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iron will rust, you at least discovered conditions under which 
it will not rust, and that is something. The farther you go 
in science, the better you will realize how tremendous is the 
task of explaining fully even that phenomenon which appears 
simplest. 

Iron will combine directly w'ith many non-metallic elements 
if heated with them. Thus with sulphur it yields ferrous 
sulphide, FeS, while if heated in oxygen it burns brilliantly, 
forming magnetic oxide of iron, Fe 304 . The latter reaction 
is very striking and beautiful ; it was discovered by Inoen- 
Housz somewhere between 1780 and 1782. When heated in 
chlorine, iron will burn, and ferric chloride, FeCl*, is formed— 

2Fe + SCU = 2FeCla. 

Compounds of Iron. 

Since iron can sometimes be bivalent and at other times, 
tervalent, it forms two series of compounds. Those in which 
it is bivalent are called ferrous compounds, while those in 
which it is tervalent are called the ferric compounds. 

Oxides.—Iron forms three oxides, yu.. ferrous oxide, FeO, 
which may be regarded as the parent substance of the ferrous 
compounds ; ferric oxide, FejOg, to which correspond the 
ferric compounds ; and magnetic oxide of iron, which 

can be regarded as a compound of ferrous oxide with ferric , 
oxide (FeO + FejOj = Fe 304 ) and is therefore sometimes 
known as ferroso-ferric oxide. There are few salts corre-' 
spending to this oxide. ' 

Ferrous salts can easily be oxidized to ferric salts and are 
therefore reducing agents. 

Ferrous Compounds. 

Ferrous oxide, FeO, can be made by carefully reducing 
ferric oxide in a current of hydrogen at 300°— » 1 

FejOa + Hg = H,0 + 2FeO. / 

It can also be made in other ways, but it is not important. 
It is a black powder which takes fire spontaneously in the 
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air, especially when slightly warm, and burns with incan¬ 
descence, forming ferric oxide— 

4 FeO + Oz = 2Fe203. 

It readily dissolves in dilute acids, yielding the correspond¬ 
ing ferrous salts, e.g .— 

FeO H- H2SO4 = FeS04 + H^O. 

Ferrous 

sulphate. 

Ferrous chloride, FeClj, may be made by dissolving iron 
in dilute hydrochloric acid and evaporating the solution to 
the point of crystallization. On cooling, pale-green crystals 
of ferrtyus chloride tetrahydrate, FeCl*.4H20, separate out. The 
anhydrous salt,' FeClj, which is a white crystalline solid, is 
best made by heating iron wire in a current of hydrogen 
chloride. 

Ferrous sulphate or green vitriol, FeS04.7H20, may be 
made by dissolving iron in dilute sulphuric acid— 

Fe + H2SO4 = FeS04 + H,, 

and evaporating the solution (preferably in the absence of 
air) until it is concentrated enough to deposit crystals on 
cooling. The pale-green crystals thus formed are ferrous 
sulphate heptahydrale, I* t^^ey are cautiously 

heated in absence of air they lose their water of crystalliza¬ 
tion, and the anhydrous salt, FeSO«, is left as a white powder. 

When ferrous sulphate crystals (FeS04.7H20) are strongly 
heated they decompose, 3rielding oxides of sulphur and steam, 
which come off, and ferric oxide, FejOa, which is left behind 
as a red solid. If the gases which are evolved are collected 
in a receiver they combine in part to form fuming sulphuric 
acid or oleum. 

Ferrous sulphate solution gradually goes brown on exposure 
to air, and a reddish-brown precipitate is thrown down in 
ftime. These changes are due to oxidation of the ferrous 
sulphate by atmospheric oxygen; the precipitate contains 
ferric hydroxide, Fe(OH)3, and possibly consists of a basic salt. 

Ferrous sulphate solution is largely used in making ink. 
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which consists of a mixture of a dark blue dye with tannin 
ana ferrous sulphate solution. \^Tien fresh, writing in such 
an ink is blue, the colour of the dye, but it goes black gradu¬ 
ally on exposure to air owing to the fact that the oxygen ^ 
oxidizes the ferrous sulphate which then forms a black in- 
soluble compound with the tannin, ‘ 

Addition of solutions of caustic alkalis to a solution of 
ferrous sulphate in the absence of air causes the precipitation 
of a whili gelatinous solid,/errows hydroxide, Fe(OH),— 

EeSO. + 2NaOH = FefOH), + Na^SO,. 

Und'vT ordinary circumstances, however, when air is present, 
the precipitate is greenish and finally turns brown. This ia 
due to oxidation. The green precipitate is a compound of 
ferrous hydroxide with ferric hydroxide, re(OH)2.2Fe(OH),. 
The brown compound is ferric hydroxide, Fe(OH) 9 . 

Ferrous sulphide, FeS, is made by heating iron and sul- « 
phur together in the proper proportions by weight (56 iron 
to 32 sulphur)— 

Fe + S = FeS. 

It is a black solid, used chiefly for €he preparation of 
hydrogen sulphide, which is evolved freely when a dilute 
acid is added— 

FeS + 2HC1 = FeCl, + H^S, 
or FeS + H*S 04 = FeSO, + H^S. 

Ferric Compounds. 

Ferric oxide, FcaOa, occurs naturally in the anhydroua 
state as the important mineral hcematite, FejOs, and in the 
hydrated state as the almost equally important limoniU, 
2 Fe 203 . 3 Ha 0 . It can be made by strongly heating ferric 
hydroxide, Fe(OH )9 (see next paragraph), or ferrous sulphate 
(see above). Prepared from ferrous sulphate in this way, it 
is known a.& jeweller^s rouge, and is used as a polishing powder* 
and as a red pigment. 

It is soluble in dilute acids, with which it forms ferric salts. 

Ferric hydroxide, Fe(0H)9, is formed as a reddish-brown 
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precipitate by adding caustic soda or potash solution, or 
ammonium hydroxide, to a solution of a ferric salt (e.g. ferric 
chloride, FeCIg)— 

FeCU + 3 NaOH = Fe(OH)3 + 3 NaCl. 

It is a weak base, and will dissolve in dilute acids forming 
ferric salts. 

Ferric chloride, FeCla.—^Anhydrous ferric chloride can 
be obtained as a black scaly or crystalline solid by heating 
iron wire in a stream of chlorine. If dissolved in water it 
forms a yellow solution from which yellow deliquescent 
crystals can be obtained by evaporation. These crystals 
consist of ferric chloride hexahydrate, FeCls.bHjO. 

Ferric sulphate, Fej(SO«)3, is a white or yellowish powder 
made by heating ferrous sulphate with a mixture of sulphuric 
and nitric acids and evaporating the solution— 

6 FeSO, + 3H,S04 + 2HNO3 = 3Fe3{S04)3 + 4H3O + 2 NO. 

The ferrous sulphate has been oxidized. 

Other Iron Compounds. 

Ferroso-ferric oxide, Fe304, occurs naturally as magnet¬ 
ite or lodestone. It is formed when iron burns in air or 
oxygen, and also when iron is heated in a current of steam— 

3 Fe + 4H3O = Fe304 + 4H3. 

This reaction is reversible, for when magnetic oxide of 
iron is heated in a current of hydrogen, iron and steam are 
formed— 

Fe304 + 4 Ha = 3 Fe + 4H2O. 

Iron disulphide, FeSg, exists naturally in two different 
crystalline varieties, iron pyrites and marcasite. Iron pyrites 
is used in the manufacture of sulphuric acid (see p. 305 ). 


Questioks 

1. Mention the chief ores of iron. 

2. Describe the extraction of iron from its ores. 

3. How could you prepare from metallic iron (a) ferrous chloride, 
(i) ferric chloride 7 
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Lead 

Symbol: Pb ; Valency : 2 or 4 ; Atomic Weight: 207-1 ; 
Melting-point : 327-4® C. ; Specific Gravity: 11-35. 

History and Occurrence.—Like copper, lead has been , 
known to man for several thousand years. The metal and 
certain of its compounds were widely used by the Egyptians, 
Assyrians, Babylonians and other nations of antiquity. The 
oldest lead object in existence is a small figure now preserved 
in the British Museum ; experts believe it to be about 5,000 
years old. In England, lead mines on the Mendips and in 
Shropshire and Derbyshire were worked as long ago as the 
days of the Roman occupation, and many pigs of lead stamped 
with the name of the reigning Caesar have been discovered in 
these districts. The word lead originally meant a weight or 
plummet, and it is interesting that a modified form of it is 
found in the “ lot ” of pilot, i.e. “ to heave the lead.” The 
symbol Pb is derived from the Latin name of the metal, 
plumbum. 

The chief ore of lead is galena, lead sulphide, PbS ; this is 
a heavy, black, shiny mineral found to some extent in England 
but in much larger quantities in the United States, Spain, 
Germany and Australia. About 1,000,000 tons of lead are 
produced annually. 

Extraction.—Metallic lead occurs in Nature oiUy in very 
minute traces, but it can very easily be obtained from galena, . 
a fact which explains why the metal was discovered by man 
so early in the history of civilization. Two methods of 
extraction are in common use— 

i. The galena is roasted in a current of air at a comparatively 
low temperature, when part is converted into lead oxide, PbO, 
and part into lead sulphate, PbS 04 , while part is loft un¬ 
changed : 

(а) 2PbS -f 30a = 2P4>0 -f 2SOa 

(б) PbS + 20a = PbSO*. 

The temperature of the furnace is then raised to about 750® C. 
and the cui-rent of air is cut off. The foUov^g reactions then, 
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occur between the unchanged galena, the lead oxide and the 
lead sulphate : 

(c) 2PbO +PbS = 3Pb + S03 
(rf) PbS04 H- PbS = 2Pb + 2S08. 

The melted lead collects at the bottom of the furnace and is 
run oflf from time to time. 

ii. In the second process the galena is first roasted and then 
heated in a blast furnaee with limestone and coke. The first 
roasting converts the galena into lead oxide, PbO, and this is 
reduced to metallic lead by the carbon monoxide formed by 
the burning of the coke— 

2PbS + 3 O 3 = 2PbO -h 2 SO 2 
PbO + CO = Pb + CO 2 . 

The limestone reacts with earthy impurities in the galena to 
form a fusible slag which can be run off. 

The impure lead obtained in these ways is melted and stirred, 
when the impurities (chiefly antimony, arsenic, bismuth, and 
tin) are oxidized and collect on the surface of the molten lead 
as a solid scum which can be scraped off. 

Properties. Pure lead is a silvery white metal of specific 
gravity 11-35; it melts at 327-4° C. and boils at 1,525° C. 
If carefully purified, lead is only''slowly attacked by the air, 
but ordinary lead rapidly tarnishes, owing to the formation 
of a film of the oxide, hydroxide and carbonate. This film 
protects the underlying metal from further corrosion, so that 
lead finds many applications out-of-doors, as, for instance, in 
roofing. 

Lead is a soft metal and leaves a mark if rubbed across 
paper. It can be cut with a knife and is readily malleable, 
while if gently warmed it can be pressed or moulded into pipes 
and sheets. 

Lead is soluble in nitric acid, forming lead nitrate and 
nitrogen peroxide, nitric oxide, etc.— 

Pb + 4 HNO 3 = PbCNOola + 2H,0 + 2 NO 3 
3Pb + 8 HNO, = PblNOa)^ 4 - 4H20 + 2NO. 
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Hot concentrated sulphuric acid rapidly dissolves lead, with 
formation of lead sulphate, PbS 04 , and evolution of sulphur 
dioxide— 

Pb + 2 H 2 SO 4 = PbS04 + 2H20 + SO 2 . 

The dilute acid has no action, neither has hydrochloric acid. / 
The equivalent of lead has been determined by the reduction 
in hydrogen of a weighed quantity of lead monoxide, PbO. 

Oxides of Lead. 

Lead forms several oxides, of which the most important 
are— 

PbO, lead monoxide or litharge ; 

Pb 304 , triplumbic tetroxide or red lead (minium); 

PbO 2 , lead peroxide or dioxide. 

Lead monoxide, PbO.—Wlien lead is heated in air it 
melts (327*4® C.), and the molten metal soon becomes covered * 
with a greyish powder. On further heating and stirring, the 
whole of the metal is quickly converted into a yellow powder 
known as massicot ; this is lead monoxide, PbO. On increas¬ 
ing the temperature the massicot melts, and if the molten 
substance is allowed to cool it solidifies into a reddish crystal¬ 
line variety, called litharge, since it is obtained in the purifica¬ 
tion of silver (litharge = “ silver stone ”). Like massicot, 
litharge is a form of lead monoxide, PbO. 

Lead mofiioxide is easily reduced to the metal, e.g. by heat- ^ 
ing it with carbon or in a current of hydrogen— 

PbO + C = Pb + CO 
PbO + H 2 = Pb + H 20 . 

It dissolves in dilute acids to give lead salts, e.g .—■ 

PbO + 2 HNO 3 = Pb(N03)2 + H 2 O. 

XiCad nitrate 

It is used in glass manufacture and as a source of more ina- ■ 
portant compounds of lead such as “ red lead ” and “ white ; 
lead ” (see below). 

Lead hydroxide, Pb(OH) 8 , is formed as a white pre- 
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cipitate when caustic soda, caustic potash or ammonium 
hydroxide is added to a solution of a soluble lead sall^ 


Pb{N 03 ), + 2NaOH = Pb(OH)a '1' + 2NaX0a. 

It is slightly soluble in water (cf. p. 200). 

Red lead or minium, PbaO,.—If Utharge is roasted in 
a current of air at about 400-450° C. it is converted into a red 
• crystaUine powder known as red had or minium, which has 
already been described on p. 373 . 


Lead pproxide or dioxide, PbOa—This is a chocolate 
bro^ powder obtained by the action of an oxidizing agent 
auch as potassium chlorate, upon litharge, but most con- 
veniently prepared from red lead by the reaction described 

j an oxidizing agent ; thus it oxidizes 

hot hydrochloric acid to chlorine_ 


PbO^ + 4HCI = PbCla + 2HgO + Cl„ 

and combines with sulphur dioxide, to form lead sulphate, with 
80 much evolution of heat that it becomes incandescent— 

Pbo* -h SO, = PbSO,. 


Compounds of Lead. 


chlorhie “ade by heating lead in 

Pb + Cl, = PbCI„ 

but is generally made as a white crystaUine precipitate by 
adding a solution of hydrochloric acid or a soluble chloride 
to a solution of lead nitrate— 


Pb(NO,), + 2NaCl = PbCl, + 2 NaN 03 . 

It is slightly soluble in coJd water and more soluble in hot 
Lead carbonate. PbCO,, is obtained as a white' pre^ 
cipitate by adding a solution of sodium bicarbonate to a 
solution of lead mtrate. Sodium carbonate precipitates not 

^t'bLUa.Pb(OH)„ caUed white lead. This substance is largely 
used for making paints and is therefore manufactured com- 
merciaUy. The best white lead is made by placing rolls 
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of lead on shelves in barrels or pots, at the bottom of which 
is a layer of vinegar. The pots are kept warm, and after four 
to twelve weeks the lead is found to be converted into white 
lead. 

When lead carbonate is heated it splits up into litharge 
and carbon dioxide— 

PbCOa = PbO + CO,. 

It will react with acids to form the corresponding lead salt— 

PbCO, + 2 HNO 3 = Pb(NO,), + H,0 + CO,. 

Lead nitrate, PblNO,),, is formed when lead is dissolved 
in nitric acid, but is more conveniently prepared in the 
laboratory by dissolving litharge in dilute nitric acid— 

PbO + 2 HNO 3 = Pb(N03)3 + H,0. 

It is a white crystalline solid, soluble in water. When heated, 
it splits up into litharge, nitrogen peroxide and oxygen— 

2Pb(N03)3 = 2PbO + 4N0, + O,. 

The crystals usually fly to pieces with sharp cracks during 
this reaction j this phenomenon is known as decT&pitation and 
is shown also by potassium chlorate, common salt, etc. 

Questions 

1. What do you know of the history and occxurence of lead ? 

2. Describe the extraction and purification of lead. 

3. How does metallic lead react with (o) water, (6) air, (c) acids ? 

4. Given metallic lead, how could you prepare specimens of (a) '' 
litharge, (6) red lead, (c) white lead ? 

6. How is lead nitrate prepared T What is the action of heat on 
this substance 7 

6. Describe the preparation and chief properties of the oxides of 
lead. 
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NICKEL, CHROMimi, ALUMINIUM, MERCURY 

Nickel 

Symbol: Ni; Valency : 2 ; Atomic Weight: 59 ; Melting- 
point : 1,450® ; Specific Gravity : 8*8. 

History and Occurrence.—^An ore found in the copper 
mines of the Harz Mountains, from which, however, no copper 
could be extracted, was called by the German miners Kupfer- 
nickel, i.e. “ false copper.” From this ore Kbonstedt suc¬ 
ceeded, in 1751, in isolating a new metal, nickel] but it 
was the celebrated chemist Berg^iann (1774) who first 
made a close investigation of the metal and of some of its 
compounds. 

Nickel is found chiefly as its sulphide and arsenide, the 
principal deposits of these minerals occurring in Ontario, 
Canada. In combination with silicon, oxygen and mag* 
nesium, nickel occurs as the mineral garnierite, and this ore, 
though not as important as the Ontario varieties, is mined to 
some extent in New Caledonia. 

Extraction.—After the sulphide ores have received a pre¬ 
liminary treatment, they are sent to a refinery (e.g. at Swansea). 
Here they are roasted in a current of air, when the nickel is 
oxidized to nickel oxide. Any copper oxide present is now 
dissolved out by means of dilute sulphuric acid, which, under 
j the conditions selected, does not dissolve the nickel oxide. 
The latter is then reduced to metal by means of producer- 
gas (p. 348)— 

NiO + CO = Ni + CO,. 

The crude nickel obtained in this way is heated to about 

427 
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60° in a stream of carbon monoxide, when a peculiar com¬ 
pound known as niclcel carbonyl, Ni{CO) 4 , is produced— 

Ni + 4CO = Ni(CO)4. 

TJie vapour of this compound is led away and heated to 
200°, when it decomposes into its constituents— 

Ni{CO)4 = Ni + 4CO. 

The nickel is deposited in an extremely pure state, and the 
carbon monoxide is used over and over again. 

Properties.—Nickel is a silvery-white, magnetic metal of 
specific gravity 8-8 ; it melts at 1,450°. It is stable in dry 
. air, and tarnishes only very slowly in moist air ; it is therefore 
used for nickel-plating other metals, on which it is deposited 
electrolytically. 

Nickel is a constituent of many alloys, e.g. : 

Monel metal, Ni 60 ; Cu 35 ; and some Fe j used in various 

kinds of industrial chemical apparatus ; 

German silver, Ni 20 ; Cu 60 ; Zn 20 ; used for ornaments, 

plate, etc. ; 

Nichrome, Ni 60 ; Cr 14 ; Fe 26; used in electrical 

heating, e.g. in “ electric fires ” ; 

InvaVf Ni 35 ; Fe 65 ; C and Mn, traces ; used in 

clocks, watches, etc., owing to its very 
small coefficient of expansion. 

Nickel is also widely employed as a catalyst, both in pure 
chemistry and in chemical industry. 

In its ordinary compounds, nickel is bivalent. The sul- 
phate, NiS 04 , the chloride, NiCU, and the carbonate, NiCOg, 
are green in colour, as are most other nickel salts. 

Chromium 

Symbol: Cr ; Valency : 2, 3 or 6 ; Atomic Weight : 62-0 ; 
Melting-point: 1,920°; Specific Gravity: 6-.8-7-1. i 

History and Occurrence.—Chromium was first prepared 
by Vauqueun in 1797. It is a fairly abundant element, 
occurring principally as chromite or chrenne iron ore, OjOa.FeO. 
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Extraction.—The chromite is first treated in such a way 
as to obtain chromium sesquioxide, CrjOj, from it. The 
sesquioxide, in charges of two or three hundredweight, is 
then mixed with a slight excess of aluminium powder, and the 
mixture fired. Intense heat is evolved, and a mass of molten 
chromium is left at the bottom of the reaction-crucible— 

Cr^Oa + 2Al = 2Cr + Al^Oa. 

In general, however, since chromium is chiefly required for 
chromium-plating, the chromium sesquioxide is converted into 
chromium sulphate (or potassium dichromate), solutions of 
which are used in the plating-baths. 

Properties.—Chromium is a hard, greyish-white metal 
with a silvery lustre. It is extremely stable in moist air at 
ordinary temperatures, but may be made to burn with a 
bright flame when strongly heated. It is soluble in dilute 
hydrochloric and sulphuric acids, even in the cold, forming 
chromous salts, e.g. CrCla; concentrated nitric acid renders it 
passive (p. 417), probably owing to the formation of a thin, 
but coherent and protective, coating of oxide. 

Alloys of chromium with iron, and with iron and nickel, are 
used industrially for armour-plating and many other purposes. 
“ Chromium steel ” is very hard and exceedingly tough, and 
is extremely resistant to acids. The so-called “stainless 
steel ” is not a true steel, but an alloy containing about 84 
per cent, iron, 13 per cent, chromium, and 1 per cent, nickel. 
“ Nichrome ” (p. 428) is used in electric fires, etc. 

Chromium-plating is carried out by the electrol 3 dic deposition 
of chromium from a hot solution of chromium trioxide (chromic 
acid) and chromium sulphate, to which a little chromium car¬ 
bonate has been added. As the deposit is inclined to be 
rather porous, it is usual to plate the object with nickel first. 

Chromium compounds (e.g. chrome alum), 

\ K2S04.Crj(S0,)3.24H20, 

|ind sodium dichromate, NajCrsO,, are used in tanning leather, 
in the manufacture of dyes and pigments, and in the photo¬ 
graphic industry. 
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Chromium Compounds.—The principal compounds of 
chromium are the chromates and dichromates. Sodium di¬ 
chromate, Na 2 Cr 207 . 2 Ha 0 , is made by fusing chrome iron ore 
with sodium carbonate and lime in the presence of air— 

4 Fe 0 .Cr 203 + SNaaCOg + 8CaO + 70^ 

= 2 Fe 203 + SNaaCrO, + SCaCOg. 

After cooling, the fused mass is powdered and treated with 
a warm dilute solution of sodium carbonate. The insoluble 
matter is allowed to settle, and the clear liquid is then made 
very slightly acid with sulphuric acid and evaporated to 
crystallization— 

2Na2Cr04 + H 2 SO 4 = Na2S04 + NaaCraO, + HaO. 

Sodium Sodium 

chromate. dichromate. 

Potassium dichromate, KjCrjO,, is made by mixing a solution 
of sodium dichromate with potassium chloride— 

NajCraO, + 2KC1 = 2NaCl + KaCraO,. 

The mixture of salt and potassium dichromate so formed is 
separated by fractional crystallization. 

Potassium dichromate forms orange-red crystals, with no 
water of crystallization. It dissolves in water, and the 
acidified solution is used as an oxidizing agent. In the 
presence of sulphuric acid the oxidizing action may be repre¬ 
sented by the equation— 

KjCraO, -f- 4HaS04 = CraCSO.), + K 2 SO 4 + + 30 

Chromium (available tot^ 

sulphate. oxidation). 

Sodium dichromate, Na 2 Cr 207 . 2 H 20 > is cheaper and more 
soluble than the potassium salt, and is equally good for 
ordinary oxidations. It is not so convenient for quantitative 
analysis, since it is deliquescent and therefore cannot be 
accurately weighed out directly. In the so-called “ bi¬ 
chromate ” cells, the potassium salt is generally used. 

Potassium chromate, K 2 Cr 04 , may be made by addition of| 
the calculated quantity of potassium hydroxide to a solution' 
of potassium dichromate— 

KjCtjO, + 2K0H = 2K2Cr04 + H3O. 
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On evaporation of the solution the potassium chromate 
jeparates in the form of yellow crystals. In solution, potas¬ 
sium chromate is used as a reagent in qualitative analysis, 
since it gives precipitates of insoluble chromates with certain 
metals, t.g. silver (brick-red), lead (yellow), barium (yellow). 

Chrmie alum, KaS04.Cr2(S04)3.24Hj0, is a dark purple 
crystalline substance usually prepared by passing sulphur 
dioxide into a solution of potassium dichromate acidified with 
sulphuric acid— 

KaCraO, + 3SOa + H.SO 4 = KaSOa + 0 ^( 804 ), + HaO. 

On evaporation of the solution, chrome alum separates. 
Its crystals are isomorphous (p. 145) with those of ordinary 
potash alum, K2S04.Al2(S04)3.24H20. 

% 

Aluminium 

Symbol: A1 ; Valency : 3 ; Atomic Weight: 26*97 ; MeU- 
ing-point: 659° ; Specific Gravity : 2-7. 

History and Occurrence.—Metallic aluminium does not 
occur naturally, but aluminium compounds are extremely 
abimdant and are found universally in rocks and clays. 
Aluminium silicates are the chief constituents of slate, 
mica, felspar, china and ordinary clays, garnet, topaz 
and tourmaline ; while alumuuum oxide, AljOj, occurs in 
bauxite (Ala 03 . 2 H 20 ), corundum and other minerals. Sodium 
aluminium fluoride occurs as the mineral cryolite NasAIF*. 

Metallic aluminium was first prepared by the German 
chemist Wohler in 1827, but it was not till half a century 
later that a successful manufacturing process was invented 
simultaneously by TTat.t. in America and Heroult in France. 

Extraction.—Aluminium is now obtained commercially 
by this process, which uses purified bauxite as the starting- 
point. Alumina, i.e. aluminium oxide, AlgO,, is first prepared, 
\ and this is then dissolved in melted cryolite. On passing a 
powerful direct electric current through the solution, tho 
alumina is electrolysed, oxygen coming off from the anode 
and aluminium being liberated at the cathode. The anode. 
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which consists of rods of carbon, is gradually burned away, 
and has to be replaced. The metallic aluminium collects in a 
molten state on the floor of the ceU, whence it is tapped off 
from time to time. 

t 

Properties.—Aluminium is a metal of a bluish-white* ( 
silvery lustre. It melts at 659°, boils at about 1,800°, and has 
a specific gravity of 2-7. It can be highly polished, and is 
malleable and ductile. Its low specific gravity, coupled with 
its moderate hardness, renders it very useful in the con¬ 
struction of aeroplanes ^ and airships. Aluminium is also 
employed on a large scale for the manufacture of domestic 
utensUs such as saucepans and kettles, while its good con¬ 
ductivity has led to its use in high-tension cables, e.g. in the 
Grid. The cables have steel cores, to strengthen them. 

Aluminium soon tarnishes in moist air, owing to the forma¬ 
tion of a thin film of oxide ; this film is, however, coherent, / 
80 that the underlying metal is protected from further cor- j 
rosion or “ rusting.” On heating aluminium in the air, it 
burns with a brilliant white flame, forming aluminium oxide 
(with traces of aluminium nitride)— 

4A1 + 30a = 2 AI 2 O 3 . 

[2A1 + Na = 2 AIN.] 

Nitric acid has no action on it; it dissolves, however, in 
hot concentrated sulphuric acid, forming aluminium sulphate 
and sulphur dioxide— 

2A1 4- 6HaS0, = Ala(S04)3 + 6HaO + 380,. 

It dissolves easily in concentrated hydrochloric acid, 
forming the chloride and hydrogen— 

2A1 + 6HCI = 2A1CU + 3Ha. 

It also dissolves quickly in hot aqueous solutions of caustic 
soda or potash, forming aluminates, with evolution of hydrogen— 

2HaO + 2A1 + 2NaOH = 2NaA10a + SH,. / 

Sodium J 

aluminate* . 


^ Or airplanes ” as Lord B—rb—k would have us write. 
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It is therefore undesirable to use much soda in aluminium 
saucepans. 

Aluminium is a powerful reducing agent; in the form of 
powder it readily reduces metallic oxides with liberation of 
intense heat. A mixture of ferric oxide and aluminium 
powder is called thermit ; when ignited by means of a piece of 
burning magnesium ribbon the whole mass becomes incan¬ 
descent and molten iron is left. This reaction is used for 
welding pieces of iron together in situ and also in incendiary 
bombs. The combustion of a stream of aluminium powder in 
a current of oxygen gives a flame hotter than that of the 
oxyhydrogen blowpipe, which, for some engineering purposes, 
it has replaced. 

Many alloys of aluminium are better, for various purposes, 
than the metal itself. The two of most importance are 
duralumin (about 95 per cent. Al, 4 5 per cent. Cu, 0-5 
* per cent. Mg, 0-5 per cent. Mn) and magnalium (alumin¬ 
ium with 1 or 2 per cent, each of magnesium, copper and 
nickel). 

Aluminium Compounds.—The chief compound of 
aluminium is alum (“ potash alum,” “ potassium alum ”), 
K2S04.Al2(S04)3.24H20. This is a white crystalline solid 
made (among other ways) by mixing in solution equi-molecular 
weights of potassium sulphate, KgSO,. and aluminium sul¬ 
phate, Al 2 (S 04 )j, and crystallizing the solution. The crystals 
^are isomorphous with those of chrome alum (p. 431). Alum 
is used in the dye industry and in tanning, while small quan¬ 
tities find application as a “ styptic,” i.e. a substance to clot 
blood and so prevent bleeding. 

Aluminium sulphate, Al2(S04)3.18H20, is made by heating 
bauxite or kaolin (china-clay) with sulphuric acid, and is put 
on the market in solid blocks called “ alum-cake.” It is used 
m the purification of sewage, and in paper-making. 

Aluminium oxide, AljOs, in its natural crystalline form of 
uprundum, is used in making “ emery-paper,” while the 
amorphous substance is important as a catalyst in many 
industrial chemical processes. Much alumina is also used in 
the manufacture of artificial rubies and sapphires, which 
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consist of aluminium oxide coloured with small quantities of 
chromium sesquioxide, CrjOj (ruby), or magnetic oxide of iron 
- and titanium dioxide (sapphire). 

Mercury / 

Symbol: Hg ; Valency : 1 or 2 ; Atomic Weight: 200-61 ; 
Melting-point: —39° ; Boiling-point: 360° ; Specific Gravity : 
13-59. 

History and Occurrence.—Mercury has been known from 
time immemorial, and even the Muslim chemists of the early 
middle ages recognized that it is a metal. For several cen* 
turies it was believed that all other metals were compounds 
of mercury with sulphur. 

Mercury is found in small quantities as the free element. 
It is, however, obtained chiefly from its ore cinnabar, HgS, 
which is mined in Spain, Mexico, Russia, Peru, China, Japan». 
and several other countries. 

Extraction.—CSnnabar (with or without a small admixture 
of charcoal) is roasted in a current of air, and the mercury 
vapour and sulphur dioxide so produced are passed through 
cooled earthenware receivers called aludels (p. 242). Here 
the mercury condenses; if necessary it may be purified by 
predistillation— 

HgS + O* = Hg + SO 2 . 

If the cinnabar ore is rich, it is mixed with lime and the^ 
mixture is strongly heated in cast-iron retorts, when the 
following reaction occurs— 

4HgS + 4CaO = 4Hg + CaSO, + 3CaS. 

Properties.—Mercury is the only metallic element liquid 
at ordinary temperatures. It is usually transported in iron 
bottles, a “ bottle ” of mercury containing 75 lb. of the metal. 
(Try to lift one !) 

Mercury is not oxidized in the air at ordinary temperature^ 
but is gradually converted into the red oxide HgO, if heated 
in air or oxygen to a temperature just below its boiling-point 
(360°). It is not dissolved by dilute sulphuric or hydrochloric 
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acid ; concentrated sulphuric acid dissolves it, forming mer¬ 
curic sulphate and sulphur dioxide— 

Hg + 2 H 2 SO, = HgSO, + 2H,0 + SOe, 

. and so does nitric acid, concentrated or dilute, forming mer- 
''curow^ nitrate, Hg^lNOgla (cold dilute acid), or mercuric 
nitrate, Hg(NO,)a (hot concentrated acid). Alkalis and most 
of the common gases (except chlorine, hydrogen sulphide and 
ozone) have no action upon mercury. 

On account of its high density, low specific heat and high 
boiling-point, it is extremely useful in thermometry; the fact 
that it does not “ wet ” glass is an additional advantage. 
It is also useful for the collection and storage of gases that 
are soluble in water, while the part it played in the develop¬ 
ment of the oxygen theory of combustion has already been 
described (pp. 166-168). 

^ Amalgams .—Many metals will dissolve in mercury, and the 
solutions so formed are called “ amalgams.” Sodium amal¬ 
gam, made by cautiously pressing pieces of sodium into slightly 
warmed mercury, is used as a reducing agent. Tin amalgam 
was formerly used in “ silvering ” mirrors, while amalgams of 
cadmium, gold, etc., are employed in dentistry for filling teeth. 

Compounds of Mercury.—The chief compounds of mer¬ 
cury are mercuric oxide, mercuric chloride and mercurous 
chloride. In the first two of these compounds the mercury is 
bivalent, while in the last it is univalent. 

« Mercuric oxide, HgO, is obtained as a red crysta llin e powder 
by heating mercury in the air for several days to a temperature 
just below its melting-point. It may be prepared as a 
yellowish precipitate by adding caustic soda solution to a 
solution of mercuric chloride— 

HgCla -f 2NaOH = HgO -h 2NaCl + H^O. 


^ On heating, mercuric oxide blackens, and then splits up 
into mercury and oxygen— 

\ 2HgO = 2Hg + O,. 

It is soluble in dilute acids, forming mercuric salts. 

Mercuric chloride, HgCl„ otherwise known as “ corrosive 
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sublimate,” is a white crystalline solid made by passing 
chlorine over heated mercury— 

Hg + Cl, = HgCl,. 

It is a white crystalline solid, slightly soluble in cold water. 
and more soluble in hot. It is very poisonous, particularly* 
to microscopic forms of life, and is therefore used as a germi¬ 
cide and antiseptic. 

Mercurous chloride, HgaCl,, sometimes called calomel, is 
made by heating a mixture of mercuric chloride and mercury, 

HgCl, + Hg =3 Hg^Cl,, 

or by adding hydrochloric acid to a solution of mercmous 
nitrate— 

2HC1 + Hg,(N03), = Hg,Cl, + 2 HNO 3 . 

It is a white solid, insoluble in water, and is used in medicine. 
With ammonia, it yields a substance of a fine black colour— 
hence its name “ calomel ” (Greek, beautiful black). 


Questions 

1. How does nickel occur naturally ? How is it extracted, and for 
what purposes is it used t 

2. Describe the occurrence, extraction and principal properties of 
chromium. 

3. What is potassium dichromate ? How is it made, and for what 
purposes is it used T How would you prepare a specimen of potassium 
chromate from it ? 

4. How does aluminium occur naturally ? From what ore is it*^ 
obtained, and by what method ? 

What are the chief properties and uses of aluminium ? 

6. Describe the preparation of (o) chrome alum, (6) potash alum. 
What is meant by saying that these substances are isomorphous ? 

6. Describe the occurrence, extraction and properties of mercury. 
What is an amalgam ? 

7. Describe the preparation and properties of mercuric oxide, mer¬ 
curic chloride and mercurous chloride. 

8. Write the formulte of nickel carbonyl, alumina, chromium sesquij 
oxide, aluminium sulphate, calomel, chrome iron ore, cinnabar anij 
<iorrosive sublimate. 
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^ * Element. 


Symbol. Atomic 

j Element. 






Weight. 




^ctinium . 

4 

Ac 

9 

Molybdenum . 


Aluminium 

• 

A1 

2697 

Neodymium 



Antimony • 

4 

Sb 

121-76 

Neon . 

• 


Argon 

• 

A 

3D94 

Nickel. 

4 


Arsenic 

4 

As 

74-93 

Niobium . 

9 


Betrium 

4 

Ba 

137-36 

•Nitrogen • 

9 


Beryllium. 

4 

Be 

9-02 

Osmium » 

9 


' Bismuth • 

♦ 

Bi 

209-0 

Oxygen . 

4 


Boron . 


B 

10-82 




Bromine • 


Br 

79-916 

Palladium 

9 


Cadmium .. 


Cd 

112-41 

Phosphorus 

9 


Caesium . 

4 

Cs 

132 81 

Platinum « 

4 


^ Calcium • 

• 

Ca 

40-07 

( Polonium . 

• 


''Carbon 


C 

1200 

1 Potassium 

• 


Cerium 

4 

Ce 

14013 

Praseodymium 


y Chlorine . 


Cl 

35-457 

Proto-actinium 


Chromium 

4 

Cr 

52-01 

Radium . 

9 


Cobalt. 


Co 

S8-94 

Radon. 

• 


Copper 

9 

Cu 

- 63-57 

Rhenium . 

9 


Dysprosium 

1 

Ds 

162-46 

Rhodium • 

4 


Eka^Caesium 

• 



Rubidium 

9 


Erbium 

9 

Er 

167-64 

Ruthenium 

4 


Europium. 


Eu 

152-0 

Samarium 

9 


Fluorine » 

9 

F 

19-0 

Scandium. 

4 


Gadolinium 


Gd 

157-3 

Solonium . 

m 


Gallium . 

9 

Ga 

69-72 

Silicon. 

9 


Germanium 

4 

Ge 

72-6 

Silver . 

9 


Gold . . 

9 

Au 

197-2 

Sodium 

9 


Hafnium » 

9 

Hf 

178-6 

Strontium 

4 


Helium 

• 

He 

4-002 

Sulphur 

$ 


'Holmium . 


Ho 

163-5 

Tantalum. 

9 


Hydrogen. 


H 

10078 

Tolluriuiii. 

4 


Illinium 

9 

H 

9 

Terbium . 

4 


Indium 

9 

In 

114-8 

Thallium . 

9 


Iodine. 

s 

I 

126-932 

Thorium . 

9 


Iridium • 

• 

Ir 

1931 

Thulium . 

9 


Iron 

4 

Fe 

55-84 

Till 

• 


Krypton . 

9 

Kr 

82-92 

Titanium . 

4 


Lanthanum 

4 

La 

138-9 

Tuncsten . 

4 


Lrjad . 

4 

Pb 

207-22 

Uranium 

9 


I^tdium 

9 

Li 

6-94 

Vanadium 

9 


lutecium . 

9 

Lu 

175-0 

Xenon 

4 


^Magnesium 

t 

Mg 

24-32 

Ytterbium 

4 


.Manganese 

% 

Mn 

64-93 

Yttrium 

4 


Manurium 

• 

Ma 

9 

Zinc • 



Mercury . , 

4 

Hg 

200-61 

Zirconium 

• 

• 


5>Tiibol. Atomic 
Weight. 


Mo 

96-0 

Nd 

144-27 

Ne 

20-183 

Ni 

58-69 

Nb 

93-3 

N 

14-008 

Os 

190-8 

O 

16-00 

[Standard] 

Pd 

106 7 

P 

31-02 

Pt 

195 23 

Po 

210 

K 

39 1 

Pr 

140-92 

Pa 

4 

Ra 

225-97 

Rn 

222 

Re 

186-31 

Rh 

102-91 

Rb 

85-44 

Ru 

101-7 

Sa 

150-34 

Sc 

45-1 

Se 

79-2 

Si 

28-06 

Ag 

107-88 

Nu 

22-997 

Sr 

87-63 

S 

32-06 

Ta 

181-4 

Te 

127-5 

Tb 

159-2 

Tl- 

204-39 

Th 

232-12 

Tm 

169-4 

Sn 

118 7 

Ti 

47-9 

W 

184-0 

U 

238-14 

V 

50-95 

Xe 

130 2 

Yb 

173 5 

Y 

88-92 

Za 

65 38 

Zr 

91-22 
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APPROXIMATE ATOMIC WEIGHTS 


Element. 

Aluminium 
Barium 
Boron 
Bromine • 
Calcium . 
Carbon 
Chlorine ♦ 
Copper 
Hydrogen 
Iodine 
Iron 
Lead . 
Magnesium 
Mercury - 
Nitrogen . 
Oxygon . 
Phosphorus 
Potassium 
Silicon 
Silver 
SoditUD • 
Sulphur * 
Tin . . 

Zino • • 


Symbol* 

Atomic 

'Weight. 

A1 

27 


137 

B 

11 

Br 

80 

Ca 

40 

C 

12 

Cl 

35-6 

Cu 

63-6 

H 

1 

I 

127 

Fe 

56 

Pb 

207 

Mg 

24 

Hg 

200 

N 

14 

O 

16 

P 

31 

K 

39 

Si 

28 

Ag 

108 

Na 

23 

S 

32 

Sn 

119 

Za 

65 
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Appendix II 

RE\asION NOTES 

1« Atom.—The smallest, chemically indivisible, particle of 
an element. 

2. h^olecule,—The smallest particle of an element or com* 

pound -that can normally lead a separate existence. 

3. Atomic Weight.—The nximber of times the atom of an 

element is heavier than an atom of hydrogen. 

4. Molecular Weight.—The number of times the molecule 

of an element or compound is heavier than an atom of 
hydrogen. 

5. Vapour Density.—The number of times a certain volume 

of a substance in the state of gas is heavier than the 
same volume of hydrogen, under the same conditions of 
temperature and pressure. 

6. Relation between Molecular Weight and Vapour Den¬ 

sity*—The molecular weight of a substance is twice its 
vapour density. 

7. Gram-Molecular-Weight.—The molecular weight ex¬ 

pressed in grams, e.g. molecular weight of oxygen (O,) 
is 32, hence G.M.W^. is 32 grams. 

8. Gram-Molecular-Volume.—The volume occupied by 

the G.M.W. of any gaseous substance. It is roughly 
. I 22*4 litres at N-T.P. 

9. Avogadro*s Hypothesis.—Equal volumes of all gases 
^ tmder the same conditions of temperature and pressure 

contain the same number of molecules. 

10. Equivalent.—The number of units of weight of a sub 

stance that will cause one of the same units of weight 

439 


440 REVISION NOTES 

of hydrogen to take part in a chemical change either 
directly or indirectly. 

11* Gram-Equivalent,—Equivalent in grams, 

12, Valency,—Number of atoms of hydrogen with which 1 

atom of the element concerned will unite. 

13. Relation between Valency, Atomic Weight and Equlv- ' 

alent.—Atomic weight = Equivalent x Valency. 

1-4. Atomicity.—Number of atoms per molecule, 
lo. Basicity of an Acid.—Number of atoms of hydrogen, 
replaceable by a metal, contained in 1 molecxile of the 
acid. 

16. Normal Solution.—A solution 1 litre of which con¬ 

tains the gram-equivalent of the dissolved substance 
(solute). Deci-normal =* Normal, etc. 

Laws. 

17. Boyle’s.—The volume of a given mass of gas varies < 

inversely as the pressure upon it if the temperature is 
constant. 

18. Charles’s.—The volume of a given mass of gas varies 

directly as the absolute temperature if the pressure is 
constant. [Absolute temperature = Centigrade temper¬ 
ature + 273®.] 

19. GaS'Equatlon.—PV » RT, where R is a constant. 

20. Conservation of Matter.—Matter can neither be created 

nor destroyed. 

21. Constant' Composition.—The same compound always^ 

consists of the same elements in a constant proportion 
by weight. 

22. Multiple Proportions.—When two elements combine to 

form more than one compound, then the weights of one 
of those elements which combine with a fixed weight of 
the other are in a simple ratio to one another. 

23. Reciprocal Proportions.—If an element A combines 

with an element B and also combines with an element 
C, then if B and C combine together, the proportion 
weight in which they do so will be simply related to the 
ratio of the weights of B and C which combine with a 
fixed weight of A. 
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24. Partial Pressures.—In a mixture of gases, each gas 
exerts the same pressure as it would exert if it were alone 
in the same volume. Or—in a mixture of gases, the 
total pressure is equal to the sum of the partial pressures 
of the gases present. 

26. Gay-Lussac’s.—When gases react together their volumes 
are simply related to one another, and to the volumes of 
the products if these are gaseous. 

26. Dulong and Petit’s.—In a great many cases, the atomic 

weight of a solid element multiplied by its specific heat 
=s 6-4 approximately. 

27. Mitscherllch’s [Law of Isomorphism].—Compounds of 

the same class which have analogous constitutions 
crystallize in the same form. 

28. Faraday's [Laws of Electrolysis].— 

First Law. —The weight of an ion liberated in elec¬ 
trolysis is proportional to the quantity of electricity 
which has passed through the electrolyte (i.e. to current 
X time). 

Second Law. —The quantity of electricity required to 
deposit the gram-equivalent of an ion is 96,000 coulombs 
(or 1 “ faraday ”). 

29. Guldberg and Waage’s [Law of Mass Action].—The 

rate of a chemical change at a given moment is directly 
proportional to the concentrations fiX that moment of 
the substances taking part in the change. 

Acids, Bases and Salts. 

\ 30. Qeneral Methods of preparing Acids. 

(i) By acting upon their salts with sulphuric acid, e.g .— 

KNO, + H,SO* = HNO, + KHSO,. 

NaCl + HjSO* = HCl -|- NaHSO*. 

(ii) By dissolving the oxide of a non-metal in water, e.g .— 

SO, + H,0 = H,SO*. 

PgO, + 3H,0 2 H 3 PO,. 

(iii) By acting upon a salt of the acid, in solution, with another 

acid which forms an insoluble salt with the metal of the 
original salt, e.g. — 

Ba(C10,)a + H,SO* = 2HC10, + BaSO, 

barium chlorata cbloric acid 

P 
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(iv) To make the halogen hydracids act upoQ the halogen 

dissolved or suspended in water with hydrogen 
sulphide— 

X, +H,S = 2HX + S >(, . (X = Cl, Br, I). 

(v) If the acid consists of hydrogen and one other element 

only, by direct combination, e.g. — 

Cl, + H, = 2HCL 

31. General Methods of preparing Bases. 

(i) By the action of a metal upon water, e.g.~— 

2Na + 2H,0 = 2NaOH + H,. 

(ii) By burning a metal in air or oxygen, e.g. — 

2Mg + O, * 2MgO. 

(iii) By heating an imstable salt of the metal, e.g. the carbonate 

or nitrate— 

2Pb(NO,), = 2PbO + 4NO, + O,. 

CuCO, = CuO + CO,. 

(iv) By precipitation with caustic soda solution if the base is 

insoluble, e.g. — 

FeCl, + 3NaOH = Fe(OH)j + 3NaCl. 

(v) By dissolving a basic anhydride in water— 

NH, + H,0 = NH 4 OH. 

32. General Methods of preparing Salts. 

(i) By neutralization of an acid with an alkali, 

KOH + HNO, = KNO, + H,0. 

(ii) By dissolving the oxide or hydroxide of a metal in an 

acid, e.g. — 

CuO + HjSO, = CuSO, + H,0. 

Fe(OH), + 3HC1 = FeCl, + 3H,0. 

(iii) By dissolving the carbonate of a metal in an acid, e.g. — 

PbCO, + 2HNO, = Pb(NO,), + H,0 4* CO,. 

(iv) By dissolving a metal in an acid, e.g. — 

Zn + HfSO, ZnSO, + H,. 

Chi 4 - 2H,SO, « CuSO, 4 - 2H,0 4- SO,. 

(v) By double decomposition, e.g. — 

NaCl 4- AgNO, « AgCl ^ 4 - NaNO,. 

(vi) By direct S 3 mthesia, e.g. — 

2Na 4 - Cl, » 2NaC). 
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33. Chief Properties of Acids* 

(i) Sour taste, 

(ii) Turn blue litmus red. 

(iii) Corrode and dissolve metals, often with evolution of 

hydrogen. 

(iv) Cause effervescence with a carbonate, owing to liberation 

of carbon dioxide. 

(v) Contain hydrogen which can be replaced by a metal. 

34. Chief Properties of Bases. 

(i) Oxides or hydroxides of metals. 

(ii) Will react with an acid to form a salt + water. 

(iii) If soluble, will turn red litmus blue. 

(iv) If heated with an ammonium salt, cause liberation of 

ammonia. 

Soluble bases, together with carbonates of sodium, 
potassium and ammonium, constitute class of compounds known 
as alkalis.^ 

\ 

36. Chief Properties of Salts. 

(i) Consist of metal + acid radical. 

(ii) Very often neutral to litmus. 

(iii) Although many are insoluble, the majority are soluble, 

36. Acid Salts and Basic Salts. 

An acid salt is a compound formed from an acid by replacement 
of only pan of its replaceable hydrogen by a metal, e.g., NaHSO*, 
acid sodium sulphate ; Ca(HCOj)j, calcium bicarbonate. 

♦ A basic salt may be regarded as a normal salt which has com* 
bined with excess of the oxide or hydroxide of the metal present, 

e.g. CuCO,.Cu(OH),, basic copper carbonate ; BiClt.Bi,Oa, basic 
bismuth chloride. 

Pkepahation of Common Gases. 

37. Hydrogen.—^Dilute sulphuric acid upon zinc— 

Zn + H,S 04 *= ZnS 04 + H*. 

^ 88 . Oxygen.—Heat on potassium chlorate— 

\ ' 2 KCIO 4 = 2KC1 + 30*. 

39. Nitrogen.—Heat on ammonium nitrite 6 olution«~ 

NH4NOt * N, + 2H40. 


444 


REVISION NOTES 


40. Chlorine.—Manganese dioxide on concentrated hydro* 

chloric acid. Heat— 

MnO* + 4HCI = MnCl, + 2 H 2 O -f Cl,. 

41. Hydrogen chloride.—Concentrated sulphuric acid on 

sodium chloride— 

NaCl + HjSO, = NaHSO, -f HCl. 

42. Carbon dioxide.—Dilute hydrochloric acid upon marble— 

CaCO, + 2HC1 = CaCl, + H,0 + CO,. 

43. Carbon monoxide.—Heat oxalic acid with concentrated 

sulphuric acid and pass gases through caustic soda solu¬ 
tion to absorb the carbon dioxide— 

H,C,04 = H,0 + CO. + CO. 

44. Nitrous oxide.—Heat on ammonium nitrato— 

NH 4 NO, = N,0 + 2H,0. 

45. Nitric oxide.—Nitric acid upon copper— 

3Cu + 8 HNO, = 3Cu(NO,), + 4H,0 + 2NO. 

46. Nitrogen peroxide.—Heat on lead nitrate. Pass gases 

through freezing mixture, where nitrogen peroxide con¬ 
denses— 

2Pb(NO,), = 2PbO + O, + 4NO,. 

47. Ammonia.—Heat mixture of ammonium chloride and 

slaked lime— 

2NH*C1 + Ca(OH), *= CaCl, + 2H,0 + 2NH,. 

48. Sulphur dioxide.—Heat copper with concentrated sul¬ 

phuric acid— 

Cu + 2H,SO* = CuSO, -i- 2H,0 + SO,. 

49. Hydrogen sulphide.—Hydrochloric acid on ferrous 

sulphide— 

2HC1 + FeS = FeCl, + H,S. 

60. Methane.—Heat mixture of anhydrous sodium acetate 
and soda-lime— , 

C,H,O.Na + NaOH = Na.CO, + CH,. j 

51. Ethylene.—Heat alcohol with concentrated sulphuric 
acid— 


C,H,0 = C,H, + H,0 
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62. Acetylene.—Water on calcium carbide— 

-CaCa + 2HaO = Ca(OH)a + CgH,. 

To COIXECr AND DRY COMMON GaSES. 

63. 


OOA. 

1 To collect 

ordinarily. 

To dry. 

To collect when dry. 

Hydrogen • 

Over water 

Sulphuric acid 

Upward 

Oxygen 


«* •« 

displacement 
Over mercury 

Nitrogen • 

f* f$ 

PI IP 

/ 

pp pp 

Chlorine • 

Downward 

1 » IP 

Downward 

Hydrogen 

displaooment 

tl M 

1 • PI 

displacement 
Over mercury 

chloride 
Carbon dioxide 

P • 99 

ft 99 

Downward 

,9 monoxide 

Over water 

IP P • 

displacement 
Over mercury 

Nitrous oxide • 

99 hot water 

Calcium chloride 

p p « • 

Nitric oxide 

»» water 


p • p p 

Nitrogen per¬ 

In freezing mix¬ 

p • t p ^ 

p » pp 

pp 9t 

oxide 

Ammonia • , . 

ture 

Upward 

Quicklime 

Upward 

Sulphur dioxide 

displacement 

Downward 

Sulphuric acid 

displacement 

Downward 

Hydrogen sul¬ 

displacement 

99 99 

Calcium 

displacement 

pp pp 

phide 

Methane . 

Over water 

chloride 
Siilphuric acid 

Over mercury 

Ethylene « 

99 

Calcium chloride 

p p IP 

Acetylene • 

99 9$ 

99 99 

pp pp 


64. Factors which may affect Rate of Chemical Change. 

(i) Temperature. 

(ii) Concentration of reacting substances. 

(iii) Pressure (in case of gaseoiis substances). 

(iv) Presence of a catalyst. 

(v) Presence of moisture. 

64a. Catalysis. 

(i) A catalyst is a substance which will alter the rate of a 
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ohemical change without itself being changed in weight 
or in chemical composition during the reaction. 

E xamp les. —(a) Manganese dioxide on decomposi¬ 
tion of potassium chlorate by heat 
(p. 172). 

(6) Copper chloride in Deacon’s process 
(p. 220). 

(c) Platimzed asbestos on combination 
of sulphur dioxide with oxygen 
(p. 308). 

{d) Nitric oxide in lead chamber process 
(p. 305). 

(ii) A catalyst, in a reversible action, increases the rat^ of 
both the forward and backward reactions equally. 

(iii) A catalyst makes no difference in the products of the 

reaction. 

(iv) Some catalysts are positive, others are negative. 

(v) A substance which is a catalyst in one reaction is not 

necessarily so in another, e.g. manganese dioxide (c) 
in preparation of oxygen (p. 172) and (6) in preparation 
of chlorine (p. 209). 

65. Allotropy.—When an element exists in two or more 

forms, those forms being physically and often chemically 
distinct, it is said to exhibit allotropy, and the different 
forms are called allotropes or allotropic forms of the 
element. E.g. sulphur, oxygen, phosphorus, carbon. 

Determination’ of FoRMmua: op Common Gases. 

66. Hydrogen chloride, p. 230. 

57. Carbon dioxide, p. 328. 

58. Carbon monoxide, p. 332. 

69. Nitrous oxide, p. 276. 

60. Nitric oxide, p. 277^ 

61. Nitrogen peroxide, p. 278. 

62. Ammonia, p. 263. 

63. Sulphur dioxide, p. 304. 

64. Hydrogen sulphide, p. 299. I 

65. Methane, p. 335. ^ 

66. Ethylene, p. 337. 

67. Acetylene, p. 338. 
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I. Of Metals. 
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68 . (i) Dissolve known weight of metal in a dilute acid and 

measure volume of hydrogen evolved (e a Ms 
Zn, Fe. Al). ^ 

(ii) Convert weighed quantity of metal into its oxide, 
either by heating in oxygen, or by action of nitric 
acid (see p. 66). E.g. Mg. Cu, Sn. Pb. 

(ui) Reduce weighed quantity of oxide to metal, in a 
stream of hydrogen or purified coal-gas. Ea 
CuO, PbO, FeaO,. 

(iv) Displace metal from a solution of one of its salts with 

a weighed quantity of another metal of known 
equivalent. E.g. Cu and Ag by Zn. 

(v) By electrolysis ; measure weight of metal deposited 

in an electrolytic cell and weight of hydrogen 
liberated in another (or the same) cell by the same 
quantity of electricity. 

(vi) By converting a compound of the metal with an 

element of known equivalent into another com¬ 
pound of the metal with other elements of known 
equivalent. 

(vii) By converting the metal into its chloride (e.^. Ag). 
H. Of Non-Metals. 


69. (i) By direct combination of a known weight of the 

element with hydrogen {e.g. oxygen, chlorine). 

(ii) By formation and analysis of the oxide or chloride. 

(iii) By method (vi) as given for metals. 


Methods of Determining Molecular Weights. 

70. (i) Find vapour density and multiply by 2. (See p. 

(ii) Depression of Freezing-point. (See p. 97.) 

Methods of Determining Atomic Weights. 

\ (i) (®) Find equivalent. (6) Find specific heat. (c) 

Hence by Dulong and Petit’s Law find approximate 
atomic weight, (d) Divide approximate atomic 
weight by exact equivalent, and thus get approxi¬ 
mate valency, (e) Take nearest whole number 
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as true valency. (/) Multiply exact equivalent by 
true valency. 

(ii) (a) Find molecular weights of large number of com* 
pounds of the element. (6) Analyse these com¬ 
pounds and find smallest weight of element present 
in M.W. of any of its compounds. 

(iii) By method of isomorphism (see p. 145). 


Oxidation and Reduction. 


72. By oxidation is meant an increase in the proportion of the 
electronegative constituent of a substance, or a decrease 
in the proportion of the electropositive constituent. 
Reduction is the .reverse of oxidation. 

An oxidizing agent is a substance capable of bringing 
about oxidation. 

A reducing agent is a substance capable of bringing 


about reduction. 
Examples of— 

Oxidizing Agents. 

1. Oxygen. 

2. Ozone. 

3. Chlorine. 

4. Nitric acid. 

6 . Potassium chlorate. 

6 . „ nitrate. 

7. ,, permanganate. 

8 . Manganese dioxide. 

9. Hydrogen peroxide. 

10. Sodium peroxide. 

11. Potassium dichromate. 


Reducing Agents. 

1. Hydrogen. 

2. Carbon. 

3. Carbon monoxide. 

4. Sulphur dioxide. 

6 . Hydrogen sulphide. 

6 . Any mixture which evolves 

hydrogen, e.g .— 

Zn 4- HjSO*. 

Na + HjO. 

7. Hydriodic acid. 

8 . Zinc dust. 

»0. Stannous chloride. 


Appendix III 

BIOGRAPHICAL NOTES ON SOME FAMOUS CHEMISTS 

Abistotle.—T he greatest scientist of Ancient Greece. Pupil 
of Plato. He was bom in 384 b.c., and died in 322. Friend 
and counsellor of Alexander the Great. Considered that all 
matter was composed of four “ elements,** namely fire, air, earth 
and vxUer. Did not believe in the atomic theories of other Greek 
philosophers. Realized the value of experiments in science. 
His views greatly influenced chemistry right up to the age of 
^ Boyle. 

\ Avooadro, Amedeo, Conte di Quaregna.—Born at Turin, 

' June 9, 1776, and died there July 9, 1856. Professor of Physics 
at Turin University. His chief work was on physics, but he 
made a contribution of the highest possible importance to chem¬ 
istry in his famous Hypothesis, 1811 (see p. 92). 

Becher, JoHAinf Joachim.—G erman chemist, bom at Spires 
in 1636. Died in London in 1682. Professor of Medicme in 
University of Mainz. Famous as the originator of the PWogiston 
Theory of Combustion, later developed and extended by his 
follower and pupil G. E. Stahl. Discovered boric acid and ethy- 
- lene. 

Berzelius, Jons Jakob.—S wedish chemist. Bom I77y, 
died at Stockholm in 1848. Professor of Chemistry m the medi¬ 
cal school at Stockholm. Created a Baron in 1835. Deter¬ 
mined atomic weights of many elements with the greatest care 
and accuracy ; also the molecular weights of hundreds o 
compounds. Introduced the use of the present sym o 
and formulse. Put forward an electrical theory of chemica 
combination. Analysed innumerable compounds. Helped 
‘much in getting'Dalton’s Atomic Theory generally accord. 

\ Black, Joseph.—B om 1728, died 1799. Educated at Belf^t 
and Glasgow. Showed true relationship between carbon dioxide. 



460 


BIOGRAPHICAL NOTES 


quicklime and chalk, and also explained in the modem way the 
action of lime upon sodiiim and potassium carbonates. Also 
did much useful work in physics, upon latent and specific heats. 

Boyle, The Hon. Robert. —Bom 1627, died 1691. Son of 
the Earl of Cork. Educated Eton and Oxford. Did much to 
overthrow Aristotle’s idea of the Four Elements, and defined. 

element ” in the modem way. Discovered how to prepare- 
phosphorus. Worked on gases and discovered “ Boyle’s Law.” 
Introduced into England the air-pump and thermometer, and 
improved both. First prepared methyl alcohol. One of the 
founders of the Royal Society. 

Cannizzaro, Stanislao. —Brilliant Italian chemist. Bom at 
Palermo, 1826. Died in 1910. Professor of Chemistry at Rome 
University and a Roman Senator. In 1858 showed chemists 
that many of their chief difficulties over the Atomic Theory 
would vanish if they admitted Avogadro’s Hypothesis, till then 
not widely known. For this service the Royal Society gave him 
a medal in 1891. He abo carried out important work on organic 
chemistry. 

Cavendish, Henry. —Born 1731, died 1810. Educated af 
Peterhouse, Cambridge. A brilliant chemist and physicist, but 
shunned publicity and led a very retired life. Investigated 
hydrogen and discovered the composition of water and nitric 
acid. Was the first to dry gases, by passing them over anhydrous 
potassium carbonate. Found specific gravity of many gases. 
Never gave up his belief in the Phlogiston Theory. 

Dalton, John. —Born 1766 at Eaglesfield in Cumberland. 
Died 1844. Founded the modern Atomic Theory by re-shaping 
the older theories of the Greek philosophers into a form capable 
of being tested experimentally. Discovered Law of Multiple 
Proportions and Law of Partial Pressures. First clearly distin* ^ 
guished between elements, compounds, and mixtures. 

Davy, Sir Humphry. —Bom at Penzance in 1778. Died in 
1829. Discovered sodivun and potassium, which he prepared 
by the electrolysis of their fused hydroxides. Showed that chlor¬ 
ine is an element, and gave it its present name. Invented the 
miners’ safety-lamp. Investigated iodine and its compounds. 
Showed that nitroiis oxide could be xised as an anaesthetic. 

Democritus. —Probably bom about 470 or 460 b.o., and lived \ 
about 100 years. One of the greatest of the Greek philosophers.^ 
Put forward an atomic theory of matter; he thoiight that the 
atoms were eternal, invisible, and indivisible, and that they 
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differed in size, weight, and shape. He had some idea of the 
modem conceptions of the conservation of matter and of energy. 

Dumas, Jean-Baptistb Andr6. —Born 1800. died 1884. 
Famous French chemist and statesman. Invented a method for 
determining vapour densities which is still in use. Carried out 
• much work on organic compounds, and made many accurate 
/ determinations of atomic weights. Became Master of the (Frencli) 
Mint in 1868. 

Empedocles. —Lived about 490-430 b.c. Greek pliilosopher, 
born at Agrigentum in Sicily. Thought that all matter was 
composed of four elements, fire, air, eartli and water, and that 
chemical combination and decomposition were brought about 
by “ love ” and “ discord.” Believed that nothing new can 
come into existence, and that change was merely change in 
position of the four elements with regard to one another. 

Gay-Lussac, Joseph Louis. —Born 1778. Died in Paris in 
1860. Professor of Chemistry at the Jardin des Plantes and of 
Physics at the Sorbonno (University of Paris). Discovered the 
. Law of Gaseous Volumes. First investigated iodine and its 
^ compounds, and cyanogen (CgN*). Introduced the “ Gay- 
Lussac Tower ” in the manufacture of sulphuric acid by the 
lead-chamber process. Worked out a method of determining the 
percentage of chlorine in bleaching-powder by means of a standard 
solution of arsenious acid.* Invented volumetric analysis. 

Geber. — See Jabir ibn Hayyan. 

Jabir IBN Hayyan (” Geber ”).—A celebrated Muslim chem¬ 
ist, possibly son of an Arab druggist, born at Tus in Persia about 
722 A.D., and died about 803. Lived at Baghdad, under the Caliph 
Harun al-Rashid. Wrote numerous books on chemistry, some 
•« of which we still have. Put forward the theory that all metals 
are composed of mercury and sulphur. Described clearly the 
preparation of many chemical compounds, including lead car¬ 
bonate and mercuric sulphide (HgS). Knew also how to con¬ 
centrate acetic acid by distillation of vinegar. 

Lavoisier, Antoine Laurent.— Bom at Paris in 1743. Guil- 
fetmed during French Revolution, in 1794. Overthrew the 
Phlogiston Theory and substituted for it the present theory of 
■ combustion. Gave the name oxygen to the gas which still bears 
Carried out much research on the composition of water. Dis- 
overed the composition of the atmosphere. First to analyse 
organic compounds (compounds of carbon). Showed that sulphur 
^ an element. Believed that lime was the oxide of an element. 
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Incurred the enmity of the Revolutionists, who executed him 
in 1794. In his work he was greatly assisted by his wife. 

Lucretius. —Lived about 98-55 b.c. Latin poet. His poem, 
De rerutti natura (“ On the Nature of Things ”), gives an account 
of an atomic theory of matter, based on an earlier theory of 
Epicurus. 

Meyer, Victor. —German chemist. Bom at Berlin in 1848, 
died at Heidelberg in 1897. Invented the famous method of 
determining the vapour densities of volatile liquids (see p. 96). 
Also did much work on the constitution of ammonium salts 
and upon organic compounds. Investigated the dissociation of 
hydrogen iodide (2HI ^ Hg 4- Ij). 

Paracelsus. —Swiss physician and chemist bom at Einsiedeln 
in 1493. In 1627 appointed physician to the town of Basle. 
Had a great contempt for earlier workers and struck out a new 
line. Believed that the aim of chemistry should be to provide 
drugs, etc., for use in medicine. Did great service to chemistry by 
stirring it up when it was very sluggish. Was the first to apply , 
the name alcohol to spirit of wine. Died 24 Sept., 1541. \ 

Priestley, Rev. Joseph. —Bom 1733, near Leeds. Died 
1804, in U.S.A. Discovered oxygen in 1774 ; also ammonia, 
nitroris oxide, hydrogen chloride, sulphur dioxide, and hydro* 
fiuoric acid. Showed similarity between combustion and res¬ 
piration, and part played by oxygen therein. Sympathized with 
French Revolutionists, and had his house sacked by an angry 
crowd at Birmingham (1791). Afterwards emigrated to America. 

Ramsay, Sir William. —Bom at Glasgow, October 2, 1852. 
Died at High Wycombe, July 23, 1916. Professor of Chemistry at 
University College, Bristol, and afterwards at University College, 
London. Discovered the existence of helium upon the earth. 
With Lord Rayleigh, discovered argon. With M. W. Travers dis¬ 
covered neon, krypton, and xenon. Also worked on orgaiuo 
chemiistry and upon surface tension and other properties of liquids. 
His book. The Oases of the Atmosphere, should be read by aU 
students of chemistry : though it is unfortunately out of print. 

Robert op Chester. —Lived in the twelfth centiury a.d. 
Famous scholar, renowned for his translations from the Arabic 
into Latin. Translated the Koran, also the first books on Algebra \ 
and Chemistry. Was Archdeacon of Pampeluna in Northern i 
Spain. Returned to his native coimtry, England, in 1160. 

SoHEELB, Carl Wilhelm. —Swedish chemist. Kept an apothe¬ 
cary’s shop. Discovered oxygen independently of, and slightly 
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before, Priestley. Also discovered chlorine, tungsten, prussic 
acid» glycerol, barium oxide, bariiim sulphate, the manganates 
and permanganates, hydrogen sulphide, and benzoic, citric, 
malic, oxalic, and gallic acids. Probably the greatest experi¬ 
mental chemist of all time. Born at Stralsund in 1742 and died 
at Koping in 1786. 

Stahl, Georg Ernst. —Born 1660, died 1734. Profe-ssor of 
Medicine in University of Halle, and Physician to the King of 
Prussia. Developed the Theory of Phlogiston put forward by 
Becher. Was a brilliant chemist, and did much to advance the 
cause of the science. 


Short List of Books on the History of Chemistry 

J. Campbell Brown, History of Chemistry {J. and A. Churchill). 

T. M. Lowry, Historical Irxtroduction to Chemistry (Macmillan). 

J. M. Stillman, The Story of Early Chemistry (Appleton, 1924). 

J. A. Cochrane, A Sehool History of Science (Arnold). 

B. J. Holmyard, History of Chemistry to the Time of Dalton (Oxford 
Univ. Press, 1925). 

B. J. Holmyard, Makers of Chemistry (Oxford Univ. Press, 1931). 
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USEFUL DATA AND FORMULA 


1. Weight of 1 litre of 


Hydrogen 

. . 009 

Oxygen . 

. . 143 

Nitrogen . 

. . 1-25 

1 Chlorine . 

. . 3-22 

Air 

. . 1-29 

Hydrogen 

chloride 

. . 1-64 


some Gases at N.T.P. 


gm. 

Carbon dioxide . 


Ammonia 


Sulphur dioxide. 


Hydrogen 


sulphide 

ff 



1- 98 gm. 
0-77 

2- 93 


2. Valencies of Common Elements and Radicals. 


Element. 

« 

Valency. 

Blemeot or Radical. 

Valeocy. 

Aluminium 

• ‘Barium • ♦ . . 

3 

Oxygen. 

2 

2 

Phosphorus 

3 or 5 

Boron. 

3 

Potassium .... 

1 

Bromine .... 

1 

Silicon. 

4 

Calciiim. 

2 

Silver. 

1 

Carbon. 

4 

Sodium .... 

1 

Chlorine .... 

1 

Sulphur .... 

2, 4 or 6 

Copper . 

1 or 2 

Tin. 

2 or 4 

Hydrogen .... 

1 

Zinc. 

2 

TiOdine. 

Iron. 

1 

2 or 3 

Ammonium, NH.— . 

k 

1 

liead. 

2 or 4 

Sulphate group, SO. . 

2 

Magnesium 

2 

Nitrate ,, NO. 

! 1 

Merotiry . 

1 or 2 

Carbonate ,, CO* . 

• 2 

Nitrogen • . . « 

3 or 6 

Hydroxyl ,, —OH 

1 
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4. Pressure of Aqueous Vapour. 



4 

6. Specific Gravities of Common Substances. 


Sulphurio acid. 1-8. 

Nitric acid, 1-42. 

Hydrochloric acid (cone, aqueous solution), 1-2. 
Alcohol, 0-8. 



Specific Heats 

of Metals. 



m 

Aluminiiun . 

0-214 

Magnesium . 

0 250 


Baniun . 

Calcium , , 

. 0068 
. 0-149 

Mercury . 
Potassium 

0033 
0 198 

f 

M 

Copper . 

. 0095 

Silver 

0 067 

J 

H-on .... 

. 0114 

Tin ... . 

0 066 

* t 

M 

' / 

Lead 

. 0-031 

Zinc .... 

. 0096 








LOGARITHMS 



12 079210804 0890 0034 


13 113011173 


U 1401 I 1492 1523il5S3» 



i:>d4 



18|25&3 


1912788 


201 3010 


21 3222 

22 3424 

23 3617 

24 3802 


25 I 3979 


26 4150 

27 4314 

28 4472 

29 4024 


301 4771 


31 4014 

32 5051 

33 6185 

34 5315 


351 5441 


36 5503 

37 5082 

38 5708 

39 5911 


401 0021 


41 0128 

42 0232 

43 6335 

44 0435 


451^82 


40 6028 

47 0721 

48 6812 

49 6902 


838 


3997|4014 


100 4183 4200 4210 
330 4340 4302 4378 
487 4502 4518 4533 
4039 4054 4669 4083 


4786 4800 4814 4820 


0007 


0909 


1303 


1014 


1903 


2175 


2430 


2672 


>900 


3118 


3324 

3522 

3711 

3802 


71 0045 0082 0719 0755 


4028 
5005 50 
5198 62 
6328 53 


4969 
5092 5105 
5224 5237 
5353 5300 


4232 

4393 

4548 

4008 

4843 

4983 

5119 

5250 

5378 


5453 5405 5478 54901 5502 


5575 5587 5599 5611 
5094 5705 5717 5729 
5809 5821 5832 5843 
6922 5933 5944 5955 


6031 6042 


138 0149 
243 0253 
345 6355 


6170 
3 0274 
5 6375 

0444|0454|6404 6474 


6542l0551 6561 6571 



6040 

6739 

0830 

6920 


0665 

6758 

0848 

6937 


5623 

5740 

5855 

5900 


6075 


6180 

6284 

6385 

0484 


6580 


6075 

6707 

0857 

0946 



mm 

■■ 

■ 



H 



1732 


3345 

3541 

3720 

3909 


4005 I 4082 


4249 

4409 

4504 

4713 


41104133 


4208 

4456 

4600 

4757 


4871 4880 4900 


5038 

5172 

5302 

5428 




5035 

6762 

5800 

5977 


6085 


0101 0201'6212 0222 
6204 0304 6314;6325 
6305 640516415.6425 
6493 6503[6513 0522 


6500 6599 6609|0018 


6712 
8 
8 


6800 08 
60 


12 15 
11 15 


II 14 
10 14 


10 13 
10 12 


9 12 
9 12 


0 11 
8 11 

8 11 
8 10 


8 10 
7 10 


19 23 
19 22 


27 31 35 
26 30 33 



16 20 
16 19 


23 16 30 
22 25 29 



13 15 
12 15 


10 22 24 
18 21 23 


18 20 23 
17 10 22 



9 

10 

11 

13 

8 

10 

11 

12 

8 

9 

11 

12 

8 

9 

10 

12 

8 

9 

10 

11 


12 4 5 

12 3 5 

12 3 5 

1 2 3 4| 5 



5 6 8 9 1 0 

5 0 7 8 0 

5 0 7 8 9 

5 6 7 8 9 

6 0 7 8 9 


Th6 copyright of that portion of the above table which givee the logarithms of yonibers 
from 1000 to 2000 la the property of Messrs. MacndllaD and Company. Llnutca. 
by whose permission they are reprinted. 
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LOGARITHMS 


61 7076 

52 7160 

53 7243 

54 7324 

56 7404 


7084 
7168 
7251 

7332 _ 

741217419^427 7435 


7093 74)1 7120 
17177 7ll5i7l03 
7269 726717275 
7340.7348 7356 


7118 

7202 

7284 

7864 


1 2 3 4 S 


712617135 7143 7152 
7210:7218 7226 7235 
7292^7300 7308 7316 
737217380 738« 7306 


6 7 8 9 


56 7482 

57 7550 

58 7634 

59 7709^ 

00 7782 


'7400 

7566 

7642 

7716 


7497 7505 7513 
7574 •7582 7589 
17649 7657 7664 
7723 773117738 


7443 l 745l |7450 7466 7474 1 1 2 2 


5 0 7 8 
5 6 7 7 
5 6 a 7 
5 6 6 7 


3 4 


a 


7520 

7597 

7672 

7745 


73287r>36 7543 7551 
7004 7612 7619 7627 


3 6 7 


7079 

7752 


7789.7796 7803 7810| 7818 I 7825 


61 7853 

62 7924 

63 7903 

64 8062 


7860'7368.7875 7882 
7931 (7938-7945 7952 
8000(8007 8014 8021 
8060,8075’8082,8089 


7889 

7950 

8028 

8006 


*896 


7686 7694 7701 
TTtHI 7707 7774 

^32 7839 7840 

7903 7910 7917 


1 1 


6 6 


_65 |8129 I 8136 8142 8149 8156 


66 8105 8202 8209 8215 8222 

67 8261 8267'8274 8280 8287 
^ 8325 8331 8338 8344 8351 
09 8388 8395 8401 8407 8414 


8228 
' 8293 
8357 
8420 


796017973 7980 7987 
8035 8041 ?^048 8055 
8102 8109 8116 8122 

8176 8182 8189 

8236;8241 8248 8254 

8299 8306 8312H310 


8303 

8426 


70 18451 18457 8463 8470 8476 | 8482 \ 8488 


71 8513 

72 8573 

73 8633 
Zi, 8092 
25 

76 8808 

77 8805 

78 8931 

79 8976 


8510|8525!853I 8537 
85708585'8591 8697 
8639|8645;8051 8657 
8608 8704 8710 8716 

8750! 


8814 

8871 

8027 


8543 

8603 

8663 

8722 


,8370 8376 8382 
8432 8439 84 45 

- 

8549^8556 85ci H5<J7 


.1_ 2 3 3 4 

I 1 2 3 ’3 , 4 

I 1 2 3 3 I 4 

1 1 2 3 3 I 4 

I 1 2 2 3 I 4 


I 1 2 


6 


8609 

'8669 

8727 


8^2|8768 8774 I 8779 i 8785 


[8820 8825 8831 
8876 8882 H887 
8932 6038 8943 


8982.8987 8993 8998 


80 9031 9036 

9085 9000 

82 9138 0143 

83 0101 9190 
^ 0243 9248 


8837 

8893 

8049 

0004 


85 0294 

86 9345 

87 9395 

88 0445 
80 0494 

00 9542 

91 0500 

92 9638 

93 0685 
_94 9731 

05 0777 

00 9823 
97 0868 
08 0912 
99 0956 


9209 


90^ 9047 9053 0058 

9096 0101 9106 0112 
91400154*9159 9165 
0201 9200,0212 9217 
9253,0258 0263 9269 


8615 6621 802i 
|d675 808 l 8686 
8733 8739 8745 

_ 1^72} 8797 8802 

8842 8848 8854 8859 
, H899i8004 8910 8015 
69548060 8965 8971 
_9J>09,0015 ^20 9025 

90«3|9069 9074 9079 

0117 
91701 
0222 
9274 


2 2 


1 2 


9304,9309 931519320 


9350|0355'9360 9365 0370 
0400,9405 0410 9415 9420 
9450|9455 0460 9405 9469 
9400;9504 0509 9513 0518 


0122 9128 0133 
(9175 9180 9186 
9227 9232 0238 
_ 9279 9284 9289 

932 5 93^ 9335 0340 
9375 
0425 
9474 I 


1 1 


9380 9385 9390 
0430 9435 9440 
,9479 9484 9489 
9523 9528 9533 9538 


1 2 


9547 gr^.0557 0502 I 9566 1 9571 0576 9581 0586 


9505 9600*9605 9609 
9043 9647 9052 0057 
0680(9694 0600 0703 


0 1 


9736 


0741 0745 . 0750 

|0786' 9701 0705 

'9832 
9877 
19021 
9065 


0614 

9661 

9708 

9754 


9619,9624 9028 0633 
9660,9671 9075 9680 
9713;9717 0722 9727 
9750 


9800 


0836 9841 
988t:D886 
9926 9930 
,9969:9074 




9845 

9800 

9034 

0978 


9763 9768 9773 
0809 9814 9818 I O T 


9805 

0850(0854 0859 9863 
9804 9899 9903 9008 
0039 9943 9948 0952 
9083j9087 9991 9090 


12 *' 


> 3 

5 6 

:: 3 

4 4 5 5 

i 3 

4 4 5 5 

t 3 

4 4 5 5 

J 3 

4 4 5 5 

J 3 

3_4 5 5 

: 3 

3 4 5 5 

3 

3 4 4 5 

3 

3 4 4 5 

3 

3 4_ 4 5 

3 

4 4 5 

3 

13445 

3 

3 4 4 5 

3 

1 3 4 4 5 

3 

1 3 4 4 5 

3 , 

j 

3 4 4 5 

3 ! 

3 4 4 5 

i 

3 3 4 4 


3 3 4 4 

•f ' 

3 3 4 4 

ki 

\ 

2 

3 3 4 4 

2 ’ 

3 3 4 4 

>> 

3 3 4 4 

2 

3 3 4 4 

*> 1 

3 3 4 4 

•1 

3 3 4 4 

2 

3 3 4 4 

2 

wXXII 

HI 
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AOTILOGARITHMS 


1 2 3 4 5 6 





1820 

1862 

1905 

1950 


10U5 


2042 

2089 


1828 

1871 

1914 

1950 


1701 1705 


1832 1837 
1875 1870 
1019 1923 
1963 1968 



200412009 2014 


2056 2061 
2104 2109 
2153 2158 
2203 2208 


224412240 2251 2259 



2512 


2570 

2030 

2692 

2754 


2818 


2884 

2051 

3020 

8090 


2296 2301 
2350:2355 
2404 2410 
2460 [ 2460 

2518)2523 


2825 2831 


2801 2807 
29S8 2065 
3027 3034 
3097.3105 


2307 2312 
2300 2366 
2416 2421 
2472 2477 


15292535 


2588 2594 
2640 2655 
2710 2710 
2773 2780 


28dd|2d44 




1014 1010 1019 1021 


1038 1040 1042 1045 
1U02 1064 1067 1069 
1086 1089 1091 1094 
1112 1114 1117 1119 


1138 1140 1143^1146 


1164 1107 1169 1172 
1101 1194 1197 1199 
1219 12221225 1227 
J247 1250 1253 1256 


1270 1279 > 1282 ] l285 
1300 1309lldl2:i3I5 


0 0 
0 0 
0 0 
0 1 


0 1 
0 1 
0 1 
0 1 


111 
1 1 I 
1 1 1 
1 1 1 


1 1 
I 4 
1 1 
1 1 


2 2 2 
2 2 2 


0 111 


1306 

1337 

1368 

1400 


1340‘1348|134G 
137111374 1377 
1403:i406ll400 


1432:1435 1430 1442 




2600 

2661 

2723 

2786 


2917 

2085 

3055 

3126 


2024|2931 

209212099 

306213069 

S133I3141 




2 


2 2 3 


2 

2 2 2 3 

2 

2 2 2 3 

2 

2 2 3 3 

2 

2 2 8 3 


M 9% fO M I 09 I 09 00 09 09 





























































































































































ANTI LOf J A RITH MS 



O 

1 


5 

6 1 7 8 9 

1 

2 

3 

4 

5 

6 

1 

7 

8 

9 

• 50 

3162 

3170 

3177 3184 3192 

3199 

3206 3214 3221 3228 

1 

1 

.> 

3 

4 

4 

5 

6 

! 

•51 

3236 

3243 3251 3258 3260 

3273 

3281 3289 3296 3304 

1 

o 

.> 

3 

4 

5 

5 

6 

7 

•52 

33 11 

3316 

3327 3334 3342 

3350 

3357 3365 3373 338] 

1 

2 

2 

.3 

4 

5 

5 

6 

7 

•53 

3388 

3366 

3 404 3412 3420 

3 42S 

3436 3443 3451 3459 

1 

«» 

40 

»> 

3 

4 

5 

6 

0 

7 

•54 

3467 

3475 

3183 3491 3499 

3508 

35 1 6 3524 3532 3540 

I 

2 

•> 

3 

4 

5 

0 

6 

7 

•55 

3548 

3556 

3565 3573 3581 

3589 

3597 3606 361 4 3622 

1 

2 

2 

3 

4 

5 

0 

7 

7 

•5t> 

3631 

3630 

3648 3056 3664 

3673 

3681 3690 3698 3 707 

1 

2 

3 

3 

4 

5 

6 

7 

8 

•57 

3715 

3724 

3733 3741 3750 

3758 

3767 3776 3784 3793 

1 

2 

3 

3 

4 

5 

6 

7 

8 

•58 

3802 

3811 

3819 3828 3837 

3846 

3855 3864 3873 3882 

1 

2 

3 

4 

4 

5 

6 

7 

8 

•5^ 

3860 

3899 

.3908 3917 3926 

3936 

3945 3954 3963 3972 

1 

•> 

.3 

4 

:> 

5 

6 

7 

8 

•ftO 

3681 

3690 

^1999 4009 4018 

4027 

4036 4046 4055 4064 

1 

2 

3 

4 

5 

6 

6 

7 

8 

•fil 

4074 

4083 4093 4102 4111 

4121 

4130 4140 4150 4159 

1 

2 

3 

4 

f> 

6 

7 

8 

0 

•62 

4166 

41 7h!4188 4198 4207 

4217 

4227 4236 4246 4256 

1 

2 

3 

4 

5 

6 

7 

8 

9 

•63 

4266 

4270 4285 4295 4305 

4315 

4325 4335 4345 4355 

1 

2 

3 

4 

•*>1 

6 

7 

8 

9 

•64 

43r»5 

4 375 

4385 4395 4 406 

4416 

442*1 4436 444*> 4457 

1 

.» 

3 

4 

5I 

G 

_ 7 

8 

9 

•65 

4467 

4477 

4487 4498 4 508 

4519 

4529 4539 45.50 4560 

1 

•> 

3 

4 

•'■>1 

6 

7 

8 

9 

66 

4571 

4581 

4592 4603 4 6|3 

4624 

4*i34 4645 4 650 4667 

1 

2 

3 

4 

r»l 

6 

7 

9 

10 

•67 

4677 

4688 

4699 4710 4 721 

4 732 

4 742 47.>;i 4764 4 77.5 

1 

*) 

3 

4 

5 

7 

B 

9 

10 

•08 

4786 

479714808 4819 4831 

4842 

4853 48(i4 4875 1887 

1 

•> 

3 

4 

(V 

7 

8 

0 

10 

•66 

4868 

4906 4620 4632 4943 

4955 

496i; 1977 4989 5000 

1 


3 

5 


7 

8 

0 

10 

•70 

5012 

5023, 

5035 5047 5058 

5070 

5082 5093 5105 5) 1 7 

1 

2 

4 

.5 


7 

8 

0 

1 \ 

•71 

5120 

5140 

5152 51 64 51 76 

518H 

52<M) .521*2 5224 5236 

1 

2 

4 

5 

6 

7 

8 

10 

n 

•72 

5248 

5260l 

5272 3284 5297 

5309 

5321 5333 5346 5358 

1 

*> 

4 

5 

i\ 

7 

0 

10 

11 

«] 

5370 

5383 

5395 3408 3420 

5433 

5445 54.5H 5470 5483 

1 

3 

4 

5 

ii 

H 

0 

10 

11 


5405 

5508 

5521 5534 5546 

5559 

5572 558.5 5598 5610 

1 

3 

4 

5 

*^ 

H 

9 

10 

12 


5623 

5636 

5tU9 5662 5675 

5689 

5702 5715 5728 5741 

1 

3 

4 

5 

0m 

4 

8 

9 

10 

12 

•76 

5754 

5768 

5781 5794 58<I8 

5821 

5834*5848 5801 .5875 

1 

a 

4 

5 

7, 

8 

9 

11 

12 

•77 

5888 

5902 

3016 5029 5943 

3957 

5070 5984 5998 6012 

1 

3 

4 

5 

7 j 

8 

10 

It 

12 

' *78 

6020 

6039 

6033 6067 6081 

6093 

6109 l’»I24 0138 6152 

1 

3 

4 

*1 

“I 

8 

10 

11 

13 

•76 

6166 

6180 

i;]94 6209 6223 

6237 

6252 6266 0281 6295 

1 

3 

4 

6 

! 

9 

10 

11 

13 

•80 

6310 

6324 

6339 0333 6368 

6383 

6397.6412 0427 0442 

1 

3 

4 

6 

/ 

9 

10 

12 

13 


6457 

6471 

6486'650] 6516 

6331 

6546j5561 6577 6.592 

2 

.3 

r» 

i) 

8 

0 

11 

12 

14 

' 82 

6607 

6622 

6637 0653 6668 

6683 

6699.6714 6730 6745 


3 

5 

6 

8 

0 

n 

12 

14 

•83 

e»76i 

6776 

6792 6808 6823 

6839 

6855 6871 0887 8902 

.) 

3 

5 

V> 

8 

9 

11 

13 

14 

84 

6618 

6934 

693U 6966 6982 

6998 

7015.7031 7047 70*53 

2 

3 

5 

6 

8 10 

11 

13 

15 

•85 

7<I76 

7006 

7112 7129 7143 

7161 

7178 7194 7211 7228 

2 

3 

5 

t 

8 

10 

12 

13 

15 

•86 

7244 

7201 

7278 7295 7311 


734.V7362 7379 7396 


3 

5 

m 

1 

8 

10 

12 

13 

15 

•87 

7413 

7430 

7447 7464 7482 

7499 

#516 7534 7551 7568 

2 

3 

5 

7 

9 

10 

12 

14 

16 

•88 

7586 

7603 

7621 7638 7656 

7674 

769r7799 7727 7745 

2 

4 

5 

7 

9 

] I 

12 

14 

16 

•86 

7762 

7780 

7798 7Hl6 7834 


7870 7889 7907 7925 

' 

•4 

5 

7 

9 

11 

13 

1 4 

16 

*«0 

7643 

7962 

7980 7998 801 7 

8035 

8054 8072 8*101 8110 

*> 

4 

6 

7 

9 

11 

1.3 

15 

17 

61 

8128 

8147 

8166 8185 8204 


8241 826*1 8279 8299 


4 

6 

8 

9 

11 

13 

15 

17 

•62 

8318 

8337 

8336 8375 8393 

H4U 

8433 8453 8472 8492 


4 

6 

8 1*) 

12 

14 

15 

17 

•63 

8511 

8531 

8551 8570 8590 

8610 

8630 8650 8670 8*i90 


4 

6 

8 

U> 12 

14 

16 

18 

•64: 

8710 

1 8730 8750 8770 8790 

8810 

8831 8851 8872 8892 

2 

4 

6 

8 

10 

12 

14 

16 

18 

Eg 


8933 

8954 8974 8995 

0616 

9036 0057 0078 9099 

•» 

4 

6 

8 10 

12 

15 

17 

19 

06. 


0141 

0162 0183 9204 

9226 

9247 9268 0200 0311 


4 

6 

8 11 

13 

15 

17 

19 

•07 

0333 

9354 

9376 9397 9419 

9141 

9462 9484 9506 0528 

♦> 

4 

7 

9 

1 1 

13 

15 

17 

20 


0550 

1 9572^9594 9616 9638 

9661 

0683 9705 9727 9750 

2 

4 

7 

0 1 1 

13 

16 

18 

2*1 

•65 1 

07 r2 

1 979r>;9817 9840 98ti3 

9886 

9908^9931 0054 9077 

2 

5 

7 

9 11 

14 

IG 

18 

20 
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ANSWERS TO NUMERICAL 



EXAMPLES 


(AP. V, pp. 52-53. 



3. 20 0 . 0 . 

10. 184 c.c. 

17. 48 c.o. 

4. 33*6. 

11. 29 6* C. 

18. 36 0 . 0 . 

5. 770 mm. 

12. 96 c.c. 

19. 125*7 c.o. 

6. 110 0 . 0 . 

13. 93 c.c. 

20. 54*6 o.c. 

7. 53 0.0. 

14. 34 c.o. 

21. 146*1 0 . 0 , 

8. 22*75 0.0, 

15* 353 o.o» 

22. 60*6 c.o. 

9. 91 0 . 0 . 

16. 21 c.o. 

23. 21*7 0.0, 

lAP. VI, pp. 72^73. 



7. 21*1 c.o. 

15. 9*0. 

23. 27*92. 

8. 54*6 0.0. 

16. 32 7. 

24. 103*6. 

9. 12*1. 

17. 31*8. 

25. 107*8. 

10. 27*6. 

18. 100*3. 

26. 10*35. 

11. 32*7. 

19. 56*2. 

27. Silver, V 

12. 59 4. 

20. 59*4. 

per, 31* 

13. 9*0. 

21. 31*8. 


14. 12*1. 

22. 107*9, 





oop- 


Cbap. VII, p. 89. 

17. (i) 31-8. (ii) 63-4. Ratio 1:2. 

Cha?. Vni, pp- 107-108. 

13. 68 0. 16. 98.4. 

U. 36 6. 17. 61-7. 

16. 126-8. 


18. 342' 

19. 60. 


Chap. IX. pp. 123-126. 

6. (i) 11-2. (ii) 6-6. (Hi) 6-6. (iv) 44-8. (v) 2-24. (vi) 2-8 litres. 

8. (i) Ca 40. C 12. O 48. (ii) K 39, H 1, C 12, O 48. (iii) Cu 33-9. 

N 14-9, O 61-2. (iv) C 78-94, H 10-63, O 10-63. (v) 0 93-76. 
H 6-26. (vi) K 24-7. Mn 34-8. O 40-6. (vii) K 26-6, Cr 35'4, O 38-1. 
(viii) Pb 90'7, O 9-3. (ix) K 31-84, Cl 28-9, O 39-2. (x) H ll-l. 
O 88-9. 


(&) 290 grams 


9. (i) 3*825 grams, (ii) 7*59 grams. 

10. 2-76 litres. 

11. 41*9 litres. 

12. NaCI. 

13. KtCOi* 

14. (d) (6) 

Chap. X, p. 135. 

4. 94 6. 

Chap. XIII, p. 164. 

2. (a) 3250 tons* 

Chap. XV, p. 261, 

13. 3-23 litres. 

23. 5*17gTam8« 

32. 4-05 grams* 

Chap. XIX, p. 387. 

11. (a) 13*25 kilograms. 

12. 12*3 litres. 

Chap. XX, p. 406. 

9. (a) 32*8 mma. (5) 

11. (a) 3*38 kilograms. 


15. ZDSO 4 . 

16. (a) KSO 4 . 

17. NaiS»0,. 

18. (a)CH 04 . 

19. AgtSOi* 

20. K4FeC4N4. 


(5) K,S|0„ 

(6) C4H404. 


A 

V* 


34. (a) 24*6. 

35. 7*65 litres. 


(b) 69040»OOOUtres, 


(6) 28,000 litres. 


] 


117*6 grama, (c) 2*69 litres. 
(5) 104 grama. 
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INDEX OF NAMES 


Abu Mansur Muwaffak, 305 
Ammon, Jupiter, 256 
Aristotle, 37, 75. 449 
Arrhenius, 130 

Avogadro, 91, 92, tt passim. Also 
Appendix, p. 440 

Balard, 233 

bar, 165, 200, 449 
^sigmann, 427 
^erzelitis, 110, 149. 449 
Birkeland and Kyde, 271 
Black. 16. 321, 449 
Blagden, Sir Charles, 98 
Boyle, 18, 38, 48-51. 280, 450 
Brandt, 279 
Bunsen, 29 

Cannizzaro, 92, 450 
Carr4, 262 

Cavendish. 16, 157, 269, 451 
Charles, 46—51 
1 Thaucer, 22 
L'ark, 199 
^ ulois, 241 
mookes. Sir William, 271 

Dalton, 16, 76-80, 109, 450 
Davy, Sir Humphry, 223, 274, 
374, 389, 398, 450 
Deacon, 149, 220 
Demooritiu, 75, 460 
Dulong, and Petit, 105 
P 'mas, 192, 461 




iOcles, 451 


Faraday. 63, 127-30, 213, 261, 346 
Fehlmg, 410 


Gaillard* 308 

Gay-Lussac, 92, 241, 306, 451 
Geber, eee Jabir ibn Mayyan, 
Glauber, 384 
Glover, 306-8 
Graham, 163, 360-1 
Grew, 398 
Ougliolmini, 144 
Guldberg, and Waoge, 161 

Haber, 258 
Hall, 431 
Haiiy, 144 
Hdroult, 431 
Hofmann, 264 

Ingen-Housz, 177 

Jabir ibn Hayyan, 15, 290, 451 
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Absolute temperature. 45 

Acetylene. 338 

Acid 

carbonic. 326 
chloric, 217, 441 
formic, 330 
hydriodic, 245—8 
hydrobromic, 236-^1 
hydrochloric, 226—33 
hydrofluoric, 452 
hypobromous, 241 
hypochlorous, 215, 241 
meta-stannic, 273 
nitric, 269—74 

examples of the action of, 272 
oxalic, 330 
phosphoric, 286—8 
pho9phoro\2B, 284—5 
silicic, 350, 360 
siilphuric, 305—11 

manufacture of, 305-10 
sulphxirous, 303 
Air, 189-93 
Alabaster, 389 
Alcohol, 343-4 
Alkali, 185, 186, 379, 443 
Allotropy, 202, 280, 292, 313 
Alum, 431, 433 

Aluminium, and compounds, 431—4 
Amalgam, sodium, 377 
Amethyst, 349 
Ammonia, 256-69 
' Ammonium, 265 

compounds, 266—9 
Anions, 127 
Anode, 126 
Anthracite, 316 
Antiohlor, 218 


Aqua fortiSf 269 
Agtia regia, 269 
Argon, 193 

Arrhenius's Theory. 130 
Atmosphere, 189—93 
Atomic theory, 75 
Atomic weights, 90, 103, 105 
Atoms, 75—80 
Avogadro*s Hypothesis, 92 

Bases, 185—7, 442 

Basic oxides, 178 

Blacklead, 315 

Bleaching, 215. 217-19. 302 

Bleaching*powder, 217—19, 397 

Bone-ash, 279 

Boyle's Law, 48 

Brass, 409 

Bromides, 236-41 

Bromine, 233—6 

compounds, 230—41 
Bronze, 409 

Calamine, 401 
Calcite, 389 
Calcium, 389-90 
compounds, 390-7 
Caliche, 253, 270, 384 
Calorie, 105 
Calx, 165-8 
Carbon, 312—21 

compounds, 321—45 
dioxide, 321-9 
disulphide, 345 
monoxide, 329-32> 348 
Carborundum, 351 
Camallite, 385, 398 
Cast-iron, 414 
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Catalysis, 147-50, 172, 204, 220, 
236, 258, 271, 305, 308, 343, 
445-6 

Cathode, 126 
Cations, 127 
Caustic potash, 385 
Caustic soda, 378-80 
Cement, 393 
Chalk, 393 
Charcoal, 320 
Charles's Law, 46 
Chlorates, 217 
Chlorine, 207-25 
compounds, 225—33 
Chromates, 430-1 
Chrome alum, 431 
Chromium, 428-31 
Clay ironstone, 414 
Coal, 316 

distillation of, 316 
Coal'gas, 317 
Colloids, 361 
Combustion, 343 
theories of, 165—72 
Conservation of Matter, law of, 34, 
83 

Constant Composition, law of, 84 
Copper, 400-10 

compounds, 410-rl2 % 

Coulomb, 129, 134-5 
Crystals, 141—6 
Cycle, nitrogen, 358-9 

Deacon's process, 220 
Deliquescence, 197 
Density of gases, 92—7 
Dephlogisticated air, 167 
Dialysis, 360 
Diamond, 313-15 
Dichromates, 428 
Diffusion, 163 

Dissociation, 244, 246, 267, 278, 
284 

Dulong and Petit's Law, 105 
Duralumin, 433 

Efflorescence, 197 
Electrodes, 126 
Electrolysis, 126—35 
Electrolytes, 127 

Elements, compounds and mix* 
tures, 37 
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Enzymes, 342-3 oo 

Epsom salt, 401 

Equations, 115 

Equilibrium, 152, 368 

Equivalents, 54—72 

Ethylene, 336—7 

• 

Fehling's solution, 410 
Firedamp, 333 
Flame, 345-7 
Formul©, 109-15 
Freezing-point, depression of, 97 

Galena, 422—3 
Gaseous volumes, law of, 92 
Gases, absorption of, 320 
densities of, 94 

effect of pressure and tem¬ 
perature upon, 45-61 
laws, 45-51 
Gay-Lussac’s Law, 92 
Glass, 350 
Graham’s Law, 163 
Gram molecular volume, 118 
Gram molecular weight, 118 
Graphite, 315 

Guldberg and Waago's Law, 151 
Gypsum, 389, 395 

Haber process for ammonia, 268 
Haematite, 413—4, 420 
Halogens, 207—50 
Harc^ess of water, 198 
Heat, specific, 105 
Hydrates, 179, 197 
Hydrocarbons, 313, 332 
Hydrogen, 157—63 
Hydrogen peroxide, 203—6 
Hydrogen sulphide, 290—300 

Ink, 419-20 
Iodine, 241—8 

compounds, 24^8 
Ions, 127, 129-35 
Iron, 413—18 

compounds, 41fr-21 
pyrites, 291, 305, 413 
Isomorphism, law of, 146 

Kelp, 242 

Eipp’a apparatus, 297 
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, 423-4 

impounds, 372-3, 424-6 
Liiue, 390-3 
Limestone, 393 

J’agnalium, 433 

agnesinm, and compounds, 398- 
401 

jegnetite. 413, 418, 421 
lalachite, 407 

Manganese dioxide, 147, 175, 179 
Marble, 389, 394 
T'Carsh-gas, 333-5 
Mass-action, law of, 151 
atches, 281-2 

ercury, and compounds, 434-6 
etalloids, 365 
.*etals, 363 ff, 
action of acids on, 369-70 
» „ air on, 370-3 


Phosphates. 286-8 
Phosphine, 282—4 
Phosphor-bronze, 384 
Phosphorus. 279-82 
compounds, 282-9 
Photography, chemistry of, 249- 
50 

Pig-iron, 414 
Plaster of Paris, 395 
Platinized asbestos, 305, 308 
Portland cement, 393 
Potash, 385 
Potassium, 385 
compounds, 385-6 
Pressure, effect on gases, 48 
Producer gas, 348 

Quartz, 349 
Quicklime, 390 


M „ water on, 365-9 
. characteristics of, 363 
ethane, 333-5 
pium, 373, 425 
•f jlecuJar weights, 90-102 
I' olecules, 76-9 
Mortar, 392 

Multiple proportions, law of, 84 


'essler’s reagent, 262 
ickel, and compounds, 4‘’7-8 
itrates, 269, 273-4 
■ itre, 385-6 
itric oxide, 270-7 
itrogen, 253-6 
sompounds, 256-79 


jogen peroxide, 278-9 
Sous oxide, 274-6 
|iormaI solutions, 60 
nnal temperature and 
sure, 51 


pres 


>um, 309 
idation, 180-2 
ides, classification of, 178 
ygen, 165-78 
201-3 

ssivity, 417, 429 

'*iutite, 200 

rides, 179 

^ton theory, 16&>7) 


Rate of reaction, J50 

Reciprocal Proportions, law of, 440 
Reduction, 180-2 
Reversible reactions, 152 
Rouge, jeweller’s. 420 

Sal ammoniac, 256, 267 
Salts, 184, 180-9, 442 
Sand,349 
Silica, 349-50 
Silicon, 348-9 

compounds, 349-51 
Soap, 344 
Soda-ash, 381-2 
Sodium, 374-8 

compounds. 378-85 
Solubility, 136-41 

determination of, 138 
Spathic iron ore, 413 
Stalactites, 201 
Stalagmites, 201 
Steel,,415-17 
Strength of acids, 227-8 
Sulphates, 311 
Sulphides, 298-9 
Sulphur, 290-6 

compounds, 296-311 
dioxide, 300-5 
trioxide, 305 

Sulphuretted hydrogen, see hydro¬ 
gen sulphide 
Sulvari, 290 
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Temperature, effect on gaaes, 46 
Tutia, 401 

Valency, 102 

Vapour densities, 92—7 

Vapour pressure of water, 61, 467 

Varech, 242 

Vitreosil, 349 

Washing-soda, 381 


Water, 193-201 

hardness of, 198-201 
heavy, 197 
natural, 193 
Water-gas, 348 
Wrought-iron, 414 

Zeolite, 200 
Zinc, 401—6 

compounds, 403- S 
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